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ABSTRACT  (Continue  on  referee  tide  If  necoooory  end  Identify  by  block  number) 

The  basic  paradigm  required  the  subjects  to  learn  four  verbal  tasks 
simultaneously.  Each  task  was  given  a separate  retention  test  (recall, 
recognition,  frequency  judgments,  serial  ordering).  The  materials  to  be 
learned  were  presented  on  a series  of  slides  at  a 20-second  rate.  Each 
slide  carried  stimuli  from  more  than  one  of  the  tasks.  The  purpose  of  the 
research  was  to  determine.  (1)  if  the  effects  of  certain  intratask  inde- 
pendent variables  were  the  same  as  found  when  single  tasks  were  learned; 

< 1 ) tlie  Mic  iditit.il  learning  which  occurred  when  instructions  spec  Hied  t 
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learning  of  less  than  the  number  of  tasks  presented;  (3)  the  stability  of 
the  memories  formed  as  determined  by  retention  tests  over  a few  minutes;  (4) 
if  differential  encoding  of  the  tasks  occurred  as  a consequence  of  having 
different  retention  tests.  The  number  of  tasks  specified  to  be  learned 
differed,  with  four  tasks  always  presented.  In  other  conditions,  the  number 
of  tasks  presented  varied  as  well  as  number  specified  for  learning. 

The  results  showed  that  the  effect  of  certain  intratask  independent 
variables  was  much  the  same  as  found  when  the  tasks  are  learned  singly. 

For  example,  the  spacing  effect  occurred  persistently  under  a wide  variety 
of  conditions,  including  incidental  learning.  There  was  no  measurable  for- 
getting over  several  minutes  for  any  of  the  tasks  despite  the  fact  that  the 
retention  intervals  were  filled  with  other  memory  tests.  Incidental  learnint 
occurred,  but  it  was  not  great  in  an  absolute  sense.  Evidence  lor  differen- 
tial encoding  appeared  but  it  was  not  a consequence  of  the  simultaneous 
learning  of  tasks  because  the  same  evidence  appeared  when  the  tasks  were 
learned  separately.  As  might  have  been  anticipated,  the  rate  oi  acquisition 
of  any  one  task  decreased  as  the  number  of  oLher  tasks  being  learned  increast  d 

Manipulations  of  study  time  led  to  some  puzzling  findings.  When  a 
single  task  was  presented,  recall  increased  directly  from  5 seconds  of 
study  time  to  20  seconds  of  study  time,  but  neither  recognition  nor  frequenc; 
judgments  was  increased  by  study  time  beyond  5 seconds.  Nevertheless,  per- 
formance for  the  latter  two  tasks  increased  over  trials.  Furthermore,  despi  c 
the  fact  that  the  performances  did  not  increase  as  study  time  increased  be- 
yond 5 seconds,  performance  was  better  than  when  both  tasks  were  learned 
simultaneously  with  a 20-second  exposure  period. 
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The  Simultaneous  Acquisition  of  Multiple  Memories 


Benton  J.  Underwood  and  Robert  A.  Malmi 

The  research  to  be  reported  here  was  tied  to  an  experimental 
paradigm  that  differs  somewhat  from  paradigms  commonly  used  to  study 
the  functional  properties  of  the  human  memory  system.  Therefore,  the 
procedures  defining  the  central  condition  will  be  described  at  once. 

The  subjects  were  told  that  they  were  to  imagine  they  were  taking  a 
ride  through  an  urban  area.  In  such  a ride  (they  were  further  told), 
it  would  be  expected  that  many  different  events  would  be  perceived, 
but  that  four  particular  classes  of  stimuli  (events)  were  to  be  ex- 
hibited in  the  experiment.  These  were  then  described  to  the  subjects: 

1.  Company  names,  all  of  which  were  fictitious,  consisting  of 
two  words;  for  example,  Victor  Carpets. 

2.  Traffic  signs,  or  signs  calling  attention  to  points  of  interest; 
tor  example,  EXIT  RAMP  and  CIVIC  PLAZA. 

3.  State  names  as  might  be  seen  on  license  plates. 

4.  Names  of  streets. 

These  stimuli  were  presented  uii  a series  of  slides.  Each  slide 
contained  items  from  three  or  four  of  the  four  classes,  and  it  is  this 
fact  which  has  led  us  to  speak  of  simultaneous  learning.  In  the  central 
condition  the  subject  was  told  exactly  how  learning  was  to  be  measured 
at  the  completion  oi  the  "ride."  These  measurements  consisted  of  the 
recall  oi  company  names,  recognition  of  traffic  signs,  estimating  the 
frequency  with  which  state  names  had  occurred,  and  designating  the  order 


in  which  street  names  had  been  seen. 
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As  will  beeomt  more,  evident  when  eh  tails  oi  the  studies  ire  pri 
seiiLed,  tin  procedures  produced  a dillicult  set  oi  tasks  lor  Liu  subject  . 
The  perceptual,  -memory  system  was  Hooded,  and  it  the  subject  at  tir  pLed 
to  encode'  the-  stimuli  in  a manner  believed  appropriate  lor  the  tests  to 
be  given  tor  each  class  oi  stimuli,  the  contusion  could  be  compounded. 

In  a typical  experiment,  the  subject  is  presented  a single  task,  such 
as  a paired-associate  task.  In  the  present  procedure,  the  subject  was 
presented  tour  different  tasks  under  instructions  to  learn  them  all 
s Lmul t aneous ly . 

1‘urposes 

The  initial  studies  were  undertaken  as  a result  ot  a curiosity 
about  certain  possible  outcomes.  As  we  continued  to  manipulate  certain 
factors,  other  questions  and  issues  became  oi  interest.  In  the  begin- 
ning, however,  thert  Were  four  matters  which  engaged  our  attention. 

General  i ty  ol  memory  phenomena.  Most  phenomena  ot  memory  as  el< 
rived  i rom  laboratory  studies  might  be  described  as  aseptic  phenomena 
We  normally  choose  (and  properly  so)  to  study  them  in  us  pure  a form 
as  possible,  and  this  usually  means  making  the  situation  as  simple  as 
possible.  We  try  to  remove  all  oi  the  chaff  we  can;  we  try  to  reduce 
vuriabi.  1 Lty  I rom  al  1 sources.  In  the  present  research,  we  have-  aske-el 
about  the  integrity  e>l  some  of  these  phenomena  when  the'  subject's  memory 
is  beinj-  flooded  with  stimuli,  many  oi  which  are  not  involved  at  all 
with  tin  phenomena  ol  interest.  For  example,  all  company  names  occurred 
twice.  Sometimes  the  two  occurrences  were  on  the  same  slide-,  sometimes 
on  di  tie-rent  slides.  Will  a spacing  effect  occur  in  tin  recall? 
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It  should  be  noted  that  we  are  not  dealing  with  a confounding  of 
variables.  That  is,  the  manipulation  of  the  spacing  variable  is  quite 
clean.  It  is  simply  being  manipulated  in  a context  where  the  subject 
is  involved  in  acquiring  information  (traffic  signs,  state  names,  street 
names)  that  has  nothing  to  do  with  the  spacing  variable.  If  a spacing 
effect  emerges  under  such  circumstances,  it  would  seem  that  this  pheno- 
mena could  be  described  as  being  robust,  or  of  high  integrity. 

Incidental  learning.  Our  memories  must  include  an  enormous  amount 
of  information  that  has  been  acquired  incidentally.  This  statement  is 
not  easy  to  document,  but  several  different  ways  of  viewing  the  matter 
would  attest  to  its  truth  value.  It  seems  quite  unlikely  that  the  pri- 
mary content  of  memory  consists  only  of  events  which  have  been  accom- 
panied by  a personal  command,  "I  must  remember  that."  Furthermore,  the 
long  history  of  experimental  work  on  incidental  learning  shows  that 
incidental  memory  for  certain  tasks  may,  under  certain  circumstances, 
be  as  firm  as  will  memories  established  intentionally.  It  is  not  our 
intent  to  review  this  work  here;  rather,  we  are  interested  at  this  point 
only  in  asserting  that  it  does  not  seem  unreasonable  to  believe  that  our 
memories  would  be  of  markedly  different  character  if  they  were  consti- 
tuted only  of  information  established  under  clear  intentional  conditions. 

Still,  even  accepting  the  pervasiveness  of  incidental  learning,  it 
is  not  without  interest  to  ask  about  situations  in  which  some  minimal 
amount  of  information  processing  occurs  but  in  whicli  no  residue  of  this 
iniormation  remains  in  memory.  Any  radical  view  of  a short-term  memory 
as  a mere  holding  system  might  also  include  the  notion  that  information 
can  be  processed  to  some  level  without  any  consequence  for  a so-called 

J 


Lout1.  - term  memory  . in  day.  nut  so  Ions!  pa  t , it  was  common  to  spend  n 
aite-rnoon  in  front  ol  a calculator  aiinly;  in;;  daLa.  Colleague-.  i > ! tin 
senior  author  have  pointed  out  that  memory  lor  numbers  inserted  in  ti. 
keyboard,  and  perhaps  written  as  will,  was  nil,  and  yet  certainly  the 
numbers  were  processed.  Such  a conclusion  migliL  be  drawn  Iron,  othej 
situations.  lot  example,  in  driving  alertly  in  irutlic,  we  are  < ou- 
t initially  monitoring  events  occurring  in  1 rum  o!  us  and  behind  us,  aim 
yet  our  memory  lor  particular  events  is  thought  to  be  at  best,  poor . 

In  the  present  research,  several  conditions  ol  incidental  learning 
were  included.  For  example,  the  subjects  eiiay  have  be  e-n  instruct  e-el  lliut 
tiny  weiu  1 el  be  asked  to  recall  only  tin  company  nanus  so  that  their  maioi 
task  was  ten  Se-Lect  out  and  learn  those  names.  However,  they  were  also 
teSLed  teir  the’  other  event  . depicted  on  the  slide;..  it:  is  presumes! 

th.it  in  selecting  the  company  names,  perceptual  processing  (at  some 
level)  ut  the  either  classes  ot  stimuli  was  nee  e isary . Was  there  ans 
information  cemee ruing  the  events  in  l hese  ether  c lasses  available  in 
memory? 

St  abi  lily  ol  m mot"  i . s . llow  stable  ate  Lin  uu-iunr  i • s e-stabl  isbe-el 
under  tin  over  1 oael  eel  ce<nd  i t ions  ? Will  we  be  able  to  el.  lent  a short  ■ 
ter  component  eil  Memory  that  is  extremely  labile  i I'he'itesl  . en  ie  1 l t ions 
were  so  arranged  that  retention  curves  could  be  plotted  over  several 
minute*:; , and  these-  intervals  were  tilled  with  me  mors  tests  on  other 
classes  of  material.  Therefore,  rapid  forgetting  might  be  expected  il 
a short-term  memory  was  heavily  engage  el,  and  also  il  output  inte  r 1 e-i  e ne  e 
was  involved.  Furthermore,  because  all  tests  ol  i iu  ideiil.il  learning  we  i 
g i veil  alt.  r tin  tests  '•!  .ale-rial,  learned  intentionally  were  given. 
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whatever  was  learned  incidentally  would  be  said  by  convention  to  have 
been  a part  of  long-term  memory. 

Independence  ol"  processes.  The  final  matter  of  initial  interest 
concerned  the  correlations  among  the  performance  scores  for  the  tests 
of  intentional  learning  lor  the  lour  tasks.  Assume  a serious  subject 
who,  as  instructed,  tried  to  learn  as  much  as  he  could  about  each  set 
of  materials  within  the  time  allowed.  Substantial  correlations  among 
the  performance  scores  could  argue  for  a general  learning  factor  or 
lor  a single  process  or  mechanism  underlying  the  learning  ol  all  tasks. 
If,  at  the  other  extreme,  the  correlations  are  ;cero,  it  could  imply 
lour  independent  processes  or  mechanisms  underlying  the  performance  on 
tin  four  Such  evidence  might  also  be  used  to  argue  against  a 

single  ystem  for  processing  information.  Thus,  although  curio- 
sity ijor  reason  for  undertaking  the  initial  studies,  it  was 

believed  that  the  findings  would  not  be  without  some  theoretical  interest 
and  value,  and  this  belief  was  strengthened  as  successive  sets  of  data 
were  examined. 

It.  1 at ed  Work 

A consideration  of  the  basic  paradigm  and  the  variations  of  it  in 
which  the  subject  was  instructed  to  learn  only  some  ol  the  classes  ol 
materials  shows  that  there  was  apparent  contact  wiLh  a number  of  pheno- 
mena and  procedures  described  in  the  literature.  We  say  apparent  be- 
cause in  fact  tin  contact  is  far  less  than  firm.  There  is  simply  not  a 
body  ol  literature  concerned  with  the  learning  of  several  tasks  simul- 
taneously. At  a more  abstract  level,  however,  it  is  quite  possible 


() 

that  our  paradigm  could  product  plu-neiii.e  no  that  ar a t-mpiric.il  !y  or  col) 
cc-ptiially  rc'latcd  t-  previous  work,  oven  though  most  oi  the  previous 
work  has  not  dealt  with  memory  phenomenon,  and  most  ol  ii  has  evolved 
l rom  studies  of  perception  in  relatively  simple  situations.  Some  ol  the 
concepts  associated  with  this  previous  work  will  be  mentioned. 

When  our  subjects  were  asked  to  learn  fewer  than  the  lour  tasks , 
although  presented  all  four,  selective  perception,  selection  attention, 
or  divided  attention  may  be  involved.  When  a subject  attempts  to  learn 
several  task;  imultaneously , many  extant  concepts  ar«  suggested:  Paral 

i I versus  serial  processing;  single  versus  multiple  channels;  "space" 
imiiat  ions,  or  central-processing  limitations;  competition  lor  preci- 
sing capacity  and  subsequent  1 uteri  < -relic e ; memory  overload  md  Jiltci 
iug;  trade-oil  relationships.  Thus , it  appeared  possible  that  w had 

available  a i idv-ii  ide  vocabulary  it  we  chose  to  cast  our  I i nd  i up-  into 

J ramework  established  by  research  in  which  the  emphasis  was  on  pels  c p- 
' u.i  1 processe  s and  whets-  memory  pehnomeiiu,  i I considered,  wen  o'  the 

ve-rv  hor  t - 1 1 is  variety.  Tin-  nature  ol  the  interests  which  ’ ed  to  our 

! ■ lei  • let  ' mr  data  gu ide  us  on  socl  matters, 

the  it  wu  be-youd  doubt  that  certain  oi  our  pred  i 1 • c r i e-e-  -..'■'i'  .tv 

i ro ! • mi  th.  eventual  choice  ol  both  descriptive  anc  • • 

c ept  S . 

It  was  stated  above  that  then  is  not  a body  o'  re  arch  deal:  ip 


with 

the  siinu  1 trirn-ou 

s ac  qu i s it  ion  of  two 

or  more 

t as  k s 

i 

In  one  sense 

this 

statement  is  fa 

1st.  We  may  believe 

that  some  oi 

our 

1 requi uL  1 y 

used 

1 aboratory  task 

s ,i  1 ua  1 ly  cons  i s t of 

two  or 

more 

sub.- 

- : d t J i v l a - k 

w!'  leb 

are  acqu  i re  d s 

imultaneously.  Thus, 

Wo  miiy 

v i i w 

the 

p.jirccl-a:  .0 
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iatc  task  as  requiring  the  acquisition  of  response  terms,  and  further 
requiring  the  acquisition  of  associations  between  the  stimulus  and  re- 
sponse terms.  Viewed  across  items  in  the  task,  both  subsidiary  tasks 
are  being  learned  simultaneously.  We  presumably  are  able  to  study  the 
acquisition  of  these  two  subsidiary  tasks  independently,  as  by  using 
free  recall  to  simulate  response- term  learning,  and  associative  matching 
to  simulate  acquisition  of  associations.  The  difference  between  this 
approach  and  the  one  used  in  the  present  studies  is  that  in  the  present 
approach  we  could  study  response  learning  and  associative  matching  when 
different  materials  constituted  each  task,  and  when  both  tasks  were  pre- 
sented for  simultaneous  acquisition. 

Overall  Plan 

The  central  condition  of  the  research  was  outlined  above:  The 


subjects  were  given  four  tasks  to  learn  simultaneously.  For  reasons 
which  will  be  explained  at  a later  point,  this  central  condition  was 
cal  led  Condition  FORI).  There  were  two  classes  of  parametric  manipula- 
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first  class  a condition  was  included  in  which  the  subjects  were  instru. 
ted  to  1 earn  only  the-  company  names  and  the  frequency  with  which  state 
names  occurred.  However,  the  slides  also  included  the  traffic  and 
points-ol- interest  signs,  and  street  names.  in  the  second  class  ol 
manipulations,  a condition  was  included  >'  n which  the  subjects  learned 
Liu.  company  names  and  frequencies  oi  state  names,  but  the  slides  did  not 
include  the  material  lor  the  other  two  tasks.  At  a gross  level,  tiu 
comparison  of  the  results  across  the  conditions  in  the  two  classes  pro- 
duced conclusions  concerning  the  effect  oi  irrelevant  material  on  in- 
tentional learning.  And,  memory  tests  for  the  irrelevant  material  in 
t first  class  u conditions  provided  measures  of  incidental  learning. 

The  data  collection  phase  for  the  parametric  conditions  extended 
over  two  school  years.  The  subjects  were  college  students.  The  uta 
for  the  first  class  of  manipulations  were  collected  during  the  1974-7 
school  year , thost  for  tin  second  class  during  1975-76 . It  is  always 
i • ntin.  pen  bill  tv  that  a population  sbili  nay  occur  iron)  year  to 
vs  rr  or  v:i  i roi  academic  quarter  to  quarter.  As  a click  on  this 
no:  ibility,  the  FORI)  Condition  was  included  thret  times  during  the  iwu 

Mar.-.  lu  results  lor  the  three  replications  of  Condition  fORIJ  were 
quite  comparable.  There  fore , it  s.ei.s  justified  to  nresent  the  results 
.-r  th<  70  condition:-  > n the  two  classes  of  manii  > la  Lions  an  i 1 they 
had  a’l  been  collected  simultaneously 

W i nay  now  look  at  tin  plan  for  describing  the  research.  First, 

Wt  v.  > l I present  the  methods  and  materials  usi  d tor  Condition  FORD, 
foi  Lowed  by  an  < xaminat  • cn  o'  i lu  pehno-iena  which  t-inerg-.  -is  a sub  jet  t 
i« -i  .or  > xe  •>  four  tasks  sit".  f riously.  Second,  ’hi  resu  • • • of  tin  70 
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parametric  conditions  will  be  detailed.  These  results  led  us  to  further 
studies  of  a more  theoretical  nature,  and  the  evaluation  of  these  studies 
will  be  the  third  step  in  the  plan.  Included  in  this  section  will  be 
some  data  that  we  actually  collected  in  the  initial  stages  of  the  re- 
search as  we  asked  about  the  effect  of  sLudy  time  and  the  effect  of  the 
memory  tests  on  subsequent  performance.  Finally,  as  a fourtli  step,  we 
will  summarize  our  findings. 

THE  BASIC  PHENOMENA 

The  materials  and  methods  used  in  the  central  condition  (Condition 
FORD)  evolved  from  an  extensive  pilot  study,  and  from  certain  other 
manipulations  devised  primarily  to  examine  the  effect  of  study  time  and 
the  effect  of  test  trials  on  performance.  No  purpose  will  be  served  in 
detailing  the  procedures  and  results  of  the  pilot  study.  The  results 
for  the  conditions  dealing  with  the  effects  of  time  and  test  trials  are 
of  interest,  but  will  be  best  evaluated  at  a later  stage  when  study 
time  is  the  major  variable.  Our  intent  for  Lhe  present  is  to  describe 
the  phenomena  which  emerged  as  tin  subjects  attempted  to  learn  four 
tasks  simultaneously. 

Method 

Mater  ia 1 » 

The  acronym  FORD  was  used  to  represent  the  four  tasks,  with  each 
of  the  four  litters  signifying  a different  task: 

Task  F:  Frequi ncy  judgments,  indicating  the  number  of  times  each 


ol  several  state  names  occurred  on  the  slides. 

Task  0:  Judgments  of  the  order  in  which  the  streets  were  crossed 


Sunshine  Gundy 

/.ChNie 

Granite  Avenue 

MKMOitJAJ  CM.TKKY 

Geo rg l a 

Hawkey e Se*dj 

Kansu  . 

1 Uxh 

Oregon 

Guardian  Toys 

Gun  li . r « iih  i y 

Figure  1.  The  first  six  slides  used  in  Condition  FORD . The  state  names  were 
used  for  frequency  judgments.  Street  names  (Granite  Avenue  and  Central  Road, 
slides  2 and  6)  were  used  to  measure  order  information.  The  two-word  company 
names  were  recalled,  and  the  two  occurrences  of  each  name  may  have  had  spacings 
of  0 (Valley  Tools,  slide  1),  1 ( Hawkey e Seeds,  slides  2 and  3),  or  3 (Alpha 
Oil,  slides  1 and  4).  Traffic  signs  and  points -of-interest  signs  were  always 
printed  in  capital  letters,  and  were  used  in  the  recognition  tests.  These  signs 
were  presented  as  intact  signs  of  two  words  (TAXI  STAND,  slide  1),  or  broken 
signs  (SCENIC  ROUTE,  slides  5 and  6,  or  CONSTRUCTION  AHEAD,  slides  4 and  b) • 


Tabic  1 


Company  Names  for  Che  Recall  Test 


Acme  Freight 

Manor  Flour 

Alpha  Oil 

Maple  Insurance 

Anchor  Glass 

Merchant  Distillery 

Aictec  Meats 

Midwest  Lumber 

Bulldog  Paper 

Neptune  Electronics 

Chestnut  Dairy 

Prairie  Books 

Crystal  Furniture 

Rainbow  Shoes 

Eagle  Chemicals 

Ranger  Steel 

Guardian  Toys 

Spartan  Realty 

Hawk eye  Seeds 

Sunshine  Candy 

ideal  Motors 

Supreme  Apparel 

Keystone  Containers 

Union  Cement 

Kings  Tobacco 

Valley  Tools 

Lakeside  Paints 

Victor  Carpets 

Magnum  Cosmetics 

Western  Tires 

1 1 
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variables  wore  introduced  into  Lliis  repetition.  One  of  these  variables 
will  be  spoken  of  as  tin:  spacing  variable,  although  it  dilfers  somewhat 
from  the  usual  spacing  manipulation.  The  three  levels  of  spacing  will 
be  identified  as  Condition  0,  1,  and  3.  in  Condition  0,  the  two  occur- 
rences of  the  name  were  on  the  same  slide.  lor  Condition  1,  the  two 
occurrences  were  on  adjacent  slides,  and  for  Condition  3,  the  second 
occurrence  was  on  the  third  slide  after  the  slide  of  first  occurrence, 
lor  example,  if  Kagle  Chemicals  first  occurred  on  slide  b,  the  second 
occurrence  was  on  slide  11  for  Condition  3.  With  30  names,  10  each 
were  assigned  to  Conditions  0,  1,  and  3.  it  was  possible  to  arrange 
the  items  so  that  two  items  under  each  condition  occurred  in  each  fiftn 
of  the  series  of  24  slides. 

A second  variable  in  recall  involved  same  and  different  cells  in 
the  repetition  of  items.  In  constructing  tin  slides,  we  viewed  each  as 
consisting  of  nine  cells  in  a 3 x 3 matrix.  For  Condition  0,  which 
involved  massed  items,  tin  two  occurrences  of  a company  name  occupied 
adjacent  colls  on  the  slide  (Condition  Same),  or  were  separated  by  a 
cell  (Condition  Different)  which  usually  contained  words  for  the  other 
tasks.  For  Conditions  l and  3,  the  two  occurrences  occupied  the  Same 
cell,  or  they  occupied  Different  cells.  l'hus,  the  10  names  for  each 
condition  (0,  I,  and  1)  involved  5 names  occupy inj  the  same  cells  on 
tie  .tides  (or  adjacent,  lor  Condition  0) , and  3 names  occupying  dif- 


fer i lit  cells 


bach  of  tin  unique  six  conditions  (three  levels  ol  spac- 


iiiy,  and  Satin- -lit  t I • r.  til  > was  re-pt  it-.  b>  'ivi  i t e-ms  , wiili  one  item 
occurring  in  each  Mitu  s:  : \ • tilth  tin  ’ si.  llu  Same-1)  i 1 I erent 

vari.tble  w.ia  viewed  , i in  t t '■  < nac  mg  variable  . In  the 

studies  of  spacing,  tin  Same -biller,  lit  v.ii'm'jh  ha-  not  received  at  t no- 
tion and  w.  had  no  expeetat  ieius  cone,  ruin.'  its  iul  lue-nce  . 

Recognit  ion . llure  were-  32 , twu-word  road  signs  usi-d  in  the  recog- 
nition tasks  these  .ire  listed  in  dibit  2.  lWlve  ol  these  signs  wc-r. 
presented  as  intact  pairs  ot  words  and  these  will  b<  considered  as  old 
items  on  Lite  recognition  List.  Light  ol  the  i t cm:;  writ  not  presented 
on  the  slides  but  o curred  as  new  items  on  tin  rt cognition  lest  Hu 
remaining  12  signs  w-  ta  used  to  implement  what  wi  will  call  Lhe  separa- 
tion variablt  . For  these  12  road  signs,  the  two  words  were  presented 

on  separate  slides.  Thus,  LX1T  might  have  been  presented  on  one  slid.  , 
RAMI’  on  a Subsequent  slide.  On  the  t . st , the  subjects  were  presented 
only  Lwo-word  signs  and  they  had  to  dec  id.  win  tie  r both  words  had  or  had 
not  been  prt  .-.ented  on  tin  same  slide.  When  the  two  words  ol  a sign 
wire  presented  on  separate  slides,  they  always  occupied  the  same  cell 
on  the  two  slides.  However,  the  amount  ot  Separation  ol  tlu-  two  words 
wa  systematical ly  varied.  More  specifically,  there  wt-r»  three  dcgi e. s 
o!  separation  id-  nt  i f it-d  as  separations  1,  2,  and  4,  wlnre  the  number 
r.  ' r-.  to  tin  number  of  slides  following  the  appearance  of  the-  I irst 
w t • t that  tin  second  word  occurred.  Thus , for  Separation  >,  the  two 
words  wcr.  on  adjacent  slides;  for  Separation  2,  the  two  words  we  t . 


Table 


Traffic  and  Poi at -of -Interns t Sir, ns  lor  Recognition 


AFTuN  RIVER 
ART  FAIR 
BARGE  CANAL 
BIRD  SANCTUARY 
BOAT  LAUNCH 
CHILDREN  PLAYING 
CITY  LIMITS 
CIVIC  PLAZA 
COLLEGE  STADIUM 
CONSTRUCTION  AHEAD 
COUNTRY  CLUB 
COUNTY  BUILD  INC, 
EMERGENCY  PHONE 
EXIT  RAMP 
F IRE  STATION 
HISTORICAL  LAND MAR K 


INDUSTRIAL  PARK 
KEY  AIRPORT 
LOADING  DOCK 
LOGAN  SCHOOL 
MEMORIAL  CEMETERY 
MERCY  HOSPITAL 
MUNICIPAL  Zoo 
PEDESTRIAN  MALL 
RESIDENT  PARKING 
REST  HOME 
SCENIC  ROUTE 
STATE  POLICE 
STRAY  DEER 
TAXI  STAND 
TRAIN  CROSSING 
VILLAGE  L LB R ARY 
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separated  by  one  slide,  and  for  Separation  4,  by  three  slides.  The 
order  of  the  two  words  was  always  proper;  that  is,  RAMP  never  preceded 
EXIT  in  the  study  list. 

Having  described  the  materials  for  each  of  the  tasks,  it  will  be 
Will  to  transmit  some  feeling  lor  the  tasks  as  they  were  presented 
simultaneously  to  the  subject.  The  first  six  slides  for  one  of  the  forms 
are  seen  in  Figure  I.  We  have  spoken  of  nine  cells  for  each  slide. 

Actually,  as  can  be  seen,  Wi  attempted  Lo  minimize  the  likelihood  that 
the  subject  would  view  Liu  slides  as  having  nine  cells.  This  was  done 
by  positioning  items  within  a cell  on  a random  basis. 

if  each  slide  is  considered  to  have  9 cells,  there  were  216  cells 
Lor  the  24  slides.  Of  these,  L7  3 were  filled,  43  were  vacant.  The 
1 i L led  cells  required  70  for  state  names,  7 for  street  names,  60  for 
company  names,  and  36  lor  traffic  signs  (12  for  old  items,  24  for  the 
12  signs  used  lor  the  separation  variable). 

Forms . The  independent  variables  in  Condition  FORI)  were  manipu- 
lated within  subjects.  Particular  items  were  given  particular  func- 
tions. in  ord«.r  to  eliminate  the  confounding  between  items  and  func- 
tions, three  forms  were  constructed.  The  function  served  by  an  item 
was  determined  randomly  for  each  form,  subject  to  the  restriction  that 
the  item  was  not  allowed  Lo  serve  the  same  function  in  more  than  one 
torm.  Some  consequences  of  these  procedures  wil1  be  mentioned  for  each 
task. 

For  frequency  judgments,  fO  state  names  were  used.  There  was  only 
om  independent  variable,  frequency  of  presentation.  Across  the  three 
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forms,  therefore,  a given  frequency  level  was  represented  by  six  dif- 


i i-ri  ill  i toms  . 


The  so  veil  sin  l names  were.  ; 1 1 j > 1 y ordered  three  t mu  , with  Liu 

sa s tr«  i L not  allow'd  to  occupy  a given  posit  ion  in  tin  scries  more 

than  once. 

For  recall,  inch  level  ol  the  spue i up  variable  was  represented  by 
10  items  on  each  loiv,  hence  30  d i 1 1 e-letil  i te-n;.  across  the-  three  loins 
Winn  both  the  spacing  variable  and  the  Same-!)  i I 1 1 rent  variable  ate  con 
side-red,  15  different  items  were  represented  ,ie  ros;»  the  three  iorms  , 
e . . , with  Condition  1 tor  spacing,  and  Same  with  regard  t e>  spatial 

position  on  the  two  slides,  15  different  items  Wert  used  across  the 
three  lorms. 

For  recognition,  there-  we-re  tlire-e*  has  it  types  ol  it  is,  nat  . Iv,  e> 
(12  items),  new  (8  items)  and  separated  (12  items)  In  construe! i ii; 
tin  threi  forms,  assignment  to  function  was  random  subje-  t 1 1»  the  r* 
striction  that  an  item  could  not  se-rve  tin  same  basic  tunet  ion  metre 
than  twite-,  and  the  number  serving  the  same  fund  ion  twite  was  k<  pt  at 
a minimum  Across  the  three  forms,  each  1 eve- 1 ot  tin  separation 
v triable  was  re  pres*  -nt ed  hv  12  different  items. 

lhe  purpose-  of  using  three  forms  was  to  minimi. e the  like  I i hood 
that  d i 1 1 .-retici  in  item  difficulty  would  bias  tin-  n suits.  We  have  n 
lute  rest  in  forms  per  se-  and  our  analyse;,  have  ignored  teams  as  a 
statistical  I at  tor . 

1‘roc . dur  e and  Subj*  ti  . 

Pcs  i gn . Subjects  were  tested  in  groups  in  a room  use-d  only  lor 
group  experi  -dilation  Condition  FOKI),  with  wlii'.h  we-  are  presently 
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concerned,  involved  126  subjects.  'fills  total  was  made  up  of  three  groups 
of  54,  36,  and  36  subjects  tested  at  different  times  over  a two-year 
period.  In  each  case,  other  conditions  were  included.  The  unit  for 
group  testing  was  six  subjects.  Conditions  and  forms  within  conditions 
were  block  randomized  with  six  subjects  being  the  unit.  For  example, 
when  Condition  FORD  was  made  up  of  54  subjects,  two  other  conditions  oi 
54  subjects  each  were  also  included,  the  results  for  which  will  be  re- 
ported later.  With  three  conditions  and  three  forms,  27  units  of  six 
subjects  each  appeared  in  the  randomized  schedule.  Thus,  for  a given 
condition  and  form,  three  different  groups  of  six  subjects  each  were 
tested.  When  36  subjects  were  tested  in  a condition,  the  randomized 
schedule  for  testing  involved  two  groups  of  six  subjects  each  for  a 
given  form  within  a condition. 

As  noted,  the  group  unit  was  six  subjects.  As  would  be  expected, 
in  many  cases  all  six  subjects  scheduled  for  a given  period  failed  to 
appear.  A single  method  was  used  for  handling  this  matter  throughout 
all  of  the  experimentation  All  sessions  as  given  on  the  random  sche- 
dule of  conditions  were  carried  out  in  order  as  if  all  six  subjects 
had  appeared  for  each  session.  After  the  completion  of  these  sessions, 
we  "started  over",  scheduling  new  sessions  for  those  where  less  than 
six  subjects  had  appeared,  the  number  of  subjects  scheduled  being  the 
number  necessary  to  equal  six,  including  those  tested  originally.  If 
necessary , as  was  usually  the  case,  this  procedure  was  repeated  a third 
Linu  so  that  all  groups  as  included  or  tin  original  schedule  sheet  were 


represented  by  six  subjects 
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A further  breakdown  was  accessary  in  tin  design.  It  will  be  remem- 
bered that  we  Were  interested  in  the  permanence  of  the  memories  estab- 
lished. To  vary  the  retention  interval,  we  varied  systematically  tin 
order  of  testing  ol  the  Lasks.  There  were  three  test  sheets,  one  lor 
recall,  one  lor  recognition,  and  oik  which  included  tin  tests  loi  both 
frequency  estimation  and  street  ordering.  ['lure  ire  six  possible  ways 
in  which  the  three  test  sheets  can  be  ordered;  each  of  them  orders 
was  used  equally  often  for  each  form  within  each  condition.  It  was 
possible,  therefore,  to  examine  performance  on  each  task  when  it  was 
tested  first,  tested  second,  and  tested  third  in  tin  series  of  Lists. 

I'he  retention  interval  for  a given  task  was,  of  course,  filled  by  tests 
being  given  cm  the  other  tasks. 

ins  t r m L i ons  and  tests.  For  Condition  FORD,  tin-  initial  instrtn 
Lions  were  complete  with  regard  to  tin  material  to  appear  on  the  slides, 
and  with  the  methods  lor  testing  each  ol  the  lour  classes  oi  materials. 
Tin  ..  instructions  will  be  quoted  in  their  entirety: 

1 an:  going  to  present  to  you  a scries  oi  slides  which  will  be 
projected  on  this  screen.  Each  slide  will  contain  a number  ol 
words.  Some  items  will  bt  single  words,  and  other  iLc-ms  will 
bt  two-word  unit  ..  They  will  .ill  be  common  words.  In  viewing 
each  slid.  , 1 want  you  to  imagine  that  you  are  taking  a ride 
in  a ear.  flu  items  that  you  sei  oil  each  si  ide  might  he  those 
that  you  would  actually  see  when  you  glance  out  the  cue  window 
every  so  often  during  this  imaginary  drive.  As  is  true  when 
taking  a drive,  you  will  see  some  words  more  than  once . At 
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L In  same  time,  ol  course,  new  words  will  keep  appearing  as  the 
car  moves  through  the  streets.  Your  task  is  to  view  e;ich  slide 
carefully  and  try  to  remember  as  many  items  as  you  can.  You 
will  have  20  seconds  to  do  this  for  each  slide.  Of  course,  I 
am  going  to  test  your  memory  for  the  events  you  saw  during  this 
imaginary  ride,  and  1 will  now  tell  you  exactly  how  you  will 
be  tested. 

On  the  slides  are  tht  names  of  a number  of  the  states  ol 
the  union.  You  may  think  of  these  as  representing  automobiles 
with  different  state  license  plates.  A list  of  states  wili  be 
given  on  the  test.  You  will  be  asked  to  estimate  the  number  ol 
times  you  saw  cars  from  each  oi  the  states.  We  will  not  be  deal- 
ing with  ail  50  states,  but  we  will  b>  dealing  with  a number  ol 
them.  You  will  not  be  able  to  count  the  number  ol  times  you 
sec  a given  state  plate.  Rather,  try  to  get  an  impression  of 
the  number  oi  times  you  see  a state  name  so  that  you  can  give 
an  estimate  of  the  number  of  times  you  saw  license  plates  for 
each  state . 

Among  Lhu  things  you  might  see  on  the  drive  would  be  a num- 
ber of  signs  tor  commercial  companies.  On  the  slides,  these 
are  all  two-word  signs,  and  < acb  includes  Lbe  product's  name, 
for  example,  you  might  see  .<  sign  for  "Hamm's  Boer",  although 
the  signs  you  will  actually  see  are  fictitious.  On  the  test, 
you  will  be  asked  to  recall  and  write  down  as  many  of  these 
company  nuim  s as  you  can  remember. 
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1 ik  l ud«.'<i  on  till  a 1 ides  ari  Lwo-word  trafiii  signs  .nul  two- 
word  point  ol  ini  t rial  signs.  BUS  STUB  and  HACK  BRACK  art  two 
examples  oi  tlxse.  1 In  is . are  always  printed  in  capital  litters 
so  that  they  art  distinguishable  1 rom  the  otlnr  materials. 

Some  Li mes  the  two  words  appear  on  the  same  slide.  At  other 
times,  the  two  words  might  appear  on  differ'  nt  slides.  that 


is,  you  might  s i 

BUB  on 

one  s 1 i di  and  B 10  P on 

t In 

next 

si  idi  . 

To  tak 

e another  i 

xamp  1 e , 

RACE  might  be  on  one  t 

,1  id 

i and 

1 RACK 

might 

appear  two 

slides 

1 at.  r . On  tin  memory  t 

i St 

i you 

will  lx 

ask  til 

to  identify 

whi  ch 

two- word  l rat  lie  signs 

and 

t wo  - 

word 

po  in  t 

ol  i ntiiest 

signs 

Were  pr  i nt  eu  on  t lie  Satin  s 

1 id. 

and  wlui 

Were  printed  on  d i 1 1-rotit  sluts  (that  is,  those  signs  wliiih  had 
an  ol  Lh.  ...ii  . on  one  slide  and  the  other  word  on  a di  fieri  nt 

s 1 fit  i ).  Also,  .uni'  i i • r s wil  hi  given  mi  the  test  which  did 

not  appi  ar  on  . nv  slide  ; you  will  be  asked  to  indicate  these. 

You  aril  be  g t . u tlit  tore,  a recognition  test  tor  thosi  trait  ii 
sign:,  and  point  el  interest  sign-.  printed  in  capital  letters. 

F ■ n.i  1 i / , w ' i i ■ " c as  i on  a 1 . an:,  , a street  as  we  t aki 

ibi  ridi  . io'i  will  now  tin  r.i  . th,  naru  nt  tin  street 

will  b'  pr in 1 1 d on  th  slide.  in  act , si  veil  d j t t er • u t strei  t. 

will  be  crossed.  On  tlu  test,  you  Will  bi  given  the  Se  Veil  st  r>  et  1.  , 

and  you  will  b*  asked  to  indieat,  wliich  ,t  rn  t was  crossed  tirst  , 
which  street  was  cros.od  see  one  etd  so  on.  thus,  you  will  hi 
tested  tor  tin  ord ' a . ■,  which  t ' s'ruts  ap|"  a red  . 

Following  these  i ii'. ! • ue  ' i ons  , the  .-rper  i Winter  anaw, i ■ d i ' i v qu.  :.!  ion 

ruing  tlu  procedure  and  testing.  I'll'  n,  tin  2<>  . • id-  - . wo?  pr.  ■ 
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ted,  involving  the  24  experimental  slides  and  a primacy  and  recency 
slide.  The  slides  were  projected  by  a Kodak  Carousel,  and  each  slide 
was  presented  for  20  seconds  as  controlled  by  a peripheral  timer. 

This  interval  was  chosen  after  some  pilot  work  and  we  will  have  more 
to  say  about  the  effect  of  exposure  duration  at  a later  point. 

After  the  last  slide  was  presented,  test  booklets  were  distributed. 
The  face  sheet  contained  instructions  which  were  read  by  the  experimen- 
ter as  the  subjects  followed.  The  instructions  were: 

After  the  experimenter  tells  you  to  turn  this  page,  you  will 
begin  working  on  several  different  memory  tests.  You  must  Lake 
the  tests  in  the  order  in  which  they  are  given  in  this  booklet. 

Do  not  take  the  tests  in  any  other  order.  You  mus t complete 
work  on  a given  test  before  going  on  to  the  next.  Alter  com- 
pleting a test,  you  cannot  go  back  to  previous  ones.  Instruc- 
tions for  each  Lest  are  on  the  test  page.  Read  them  carefully-- 
if  you  have  any  questions,  raise  your  hand.  Some  tests  may  re- 
quire you  to  answer  all  items,  guessing  if  necessary.  If  this 
is  so,  please  be  sure  to  give  a response  to  all  items. 

The  instructions  for  each  test  were  as  follows: 
frequency : flu  nanus  oi  a number  ol  states  appeared  on  the 

slides,  representing  Lhe  number  of  automobiles  from  each  state 
which  were  seen  during  the  drive.  You  are  to  estimate  the  num- 
ber of  cars  Irom  each  state  which  you  think  you  saw.  The  states 
arc  listed  alphabetically,  and  after  each  is  a blank.  Put  a 


number  in  each  blank  to  indicate  your  estimate'  of  the  number  of 
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cars  seen  I rom  that  slate.  Ll  a stale  name  is  given  tliaL  you 
think  you  didn't  see  at  all,  put  a zero  in  l Sic  blank.  You  must 
have  an  entry  lor  each  blank . 

Order : During  the  drive,  seven  streets  were  "crossed", 

tlu  name  oi  each  oi  the  seven  appearing  on  a slide.  The  seven 
names  an  listed  below  alphabetically.  You  .ire  to  indicate  tin 
order  in  which  the  streets  were  crossed.  Put  a 1 after  tin  sir 

that  you  think  was  crossed  lirst  during  the  drive,  a 2 alter  ih 

street  you  think  was  crossed  second  during  the  drive,  and  so 
on,  assigning  a 7 to  the  street  < tossed  just  be fori  tlu  end  ol 
the  drive.  Yon  ;:ui  , t ns.  ach  number  only  mice;  each  blank  most 
contain  one  o!  the  numbers. 

Keea  1 1 . There  were  30  fictitious  company  names  given  on 
the  slides.  All  consist'd  oi  two  words,  with  the  second  word 
indicating  '.In.  product  involved.  One  example  of  this  might  be 

"Hamm's  Beer",  but  v‘  course  all  names  used  were  fictitious 

Write  down  as  many  o'  these  two-word  company  nanu  ..  as  you  can. 
You  may  write  then)  down  in  any  order  you  W’sh  0o  not  linger 
too  long  in  trying,  to  remember  tin  names.  No  one  would  b ex- 
pected to  ri member  all  30  names,  but  "dredge  up"  al 1 that  you 
can  within  a ri  isenablc  amount  o'  time  bt  fort  moving  on. 

Ri  ogn  i t i on : A number  of  two-word  traffic  signs  and  two 

words  indicating  points  of  interest  appeared  on  tin.  slides. 
I'hrse  we r ■ always  printed  in  capita!  letters.  I'hese  are  listed 
bi  low  alphabetically  along  with  soim  two-word  signs  which  did 
not  app*  nr  on  any  .lid'  . tor  each,  you  art  to  '"ak i i YEi!  or 
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NO  decision.  ll  the  two  words  did  not  appear  at  all,  you  are 
to  encircle  NO.  Furthermore,  ii  the  two  words  did  not  appear 
on  the  same  slide,  you  are  to  encircle  NO.  You  will  circle 
YES  only  ii  the  two  words  appeared  together  on  a slide.  You 
must  make  a decision  ior  each,  guessing  il  necessary. 

At  the  bottom  of  each  ot  the  three  Lest  pages  a blank  occurred 
with  the  word  "time"  under  it.  When  each  subject  completed  work  on  a 
test  page,  he  wrote  the  elapsed  time  in  the  blank.  Therefore,  a record 
was  available  of  the  time  it  took  each  subject  to  complete  each  test 
page . 

When  all  subjects  had  completed  the  Lists,  and  the  booklets  had 
been  collected,  the  experimenter  said  to  the  subjects: 

We  are  now  going  to  run  through  the  same  set  of  slides  again. 

The  slides  will  bit  in  exactly  the  same  order  as  before.  Once 
again,  1 want  you  to  study  each  slide  carefully,  remembering 
as  much  information  as  possible.  Alter  the  slide  presentation, 
you  will  be  tested  again  in  exac t ly  the  same  way.  1 want  you 
to  be  ready  for  the  test  so  I will  hand  out  the  test  booklets 
now.  Print  your  name  on  them  as  you  did  the  lirst  Lime.  Remem- 
ber not  to  begin  working  alter  we  see  the  slides  until  1 give 
you  the  signal. 

The  slides  weri  tlun  presented  lor  the  second  time,  followed  by 
the  tests  which,  as  the  subjects  were  informed,  wt r exactly  the  same 
as  given  lor  the  first  trial. 

Resu  1 1 s 

in  presenting  the  results  for  Condition  FORI),  the  performance  on 


[ 

i ac  h o!  the  lorn  tusks  will  bi  cons  idi  re  d in  order,  iol lowed  by  an 
cx.i,  ination  a!  Li'  curre  1 a t iona  1 evidence  r a 1 lie  L ing  tin  re  lat  ionsh  i p: 
imong  tin  lasko . W.  will,  ol  course,  includ.  Stat  istical  in.ilyscs 
Will  ri  it  in-elllS  lU'i  saary  , blit  We  have  II  ■ I d<  lillit  attempt  t a Vo  id 
spending  tiuu  on  small  dif  Itironces  or  small  el  lee  t , uni  ess  tie  ■ . ■ i.„  d 
to  bt  ol  particular  theoretical  importance.  In  most  cases,  the  • l it., 
shown  in  graphical  form  provide  prosumtive  evidence  lor  re  liability 
Kr e a] n<  -c y 

State  names  We  re  judged  us  to  the  number  of  occurre  lives  .it  to: 
the  24  slides.  The  true  trequeiicies  wen  1,  1,  6,  10,  and  lb.  1 lie 

results  are  shown  in  figure  2,  where  the'  mean  judgments  e>!  lre<|Uelie\ 
are  related  l>  t rue  irequency.  Apparent  trequeiicy  increased  ditci  t I y 
as  true  frequency  increased,  and,  as  commonly  lound,  le>w  f requeue  Ms 
wot  overt  st  imatt  d »igh  frequencies  Wert  underestimated.  Mu  n-an 
judgment;  tin  Trial  2 Wert  slightly  higher  than  on  I r i . 1 1 I at  all  live 
frequent  y levt  Is.  It  might  be  presumed  that  this  small  but  constant 
i a reuse  in  judged  Irequcncy  between  Trial  1 and  Trial  2 represent  ed 
an  increment  produced  by  the  state  names  each  occurring  onct  on  t In 
tc  t she*  ts  ior  Trial  1.  If  this  is  reasonable,  there  should  also  liavt 
In  n an  increase  for  the  two  stat<  nanus  appearing  on  the  t esi  .sheet 
but  which  had  not  appeared  on  the  slides.  For  these  (wo  states,  mean 
judgtd  frt qur ncy  was  .70  lor  Trial  1 and  1.19  fur  Trial  2,  thus  support 
ing  the  idea  that  tin  act  of  testing  increased  apparent  frequency. 

An  unexpected  find.  \y,  was  tiiat  the  precision  ol  tin  I requeue a 


r 
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judgments  did  not  increase  from  Trial  1 to  Trial  2,  a finding  which  is 
inferred  by  the  lack  of  interaction  between  frequency  and  trials  in 
Figure  2.  We  will  return  to  this  matter  shortly. 

In  experiments  in  which  frequency  judgments  represent  the  only 
task  given  the  subject,  loss  of  frequency  information  over  time  occurs 
very  slowly  (e.g.,  Underwood,  Zimmerman,  & Freund,  1971).  Still,  even 
with  the  relatively  short  retention  intervals  involved  in  the  present 
study,  some  loss  may  occur  because  the  intervals  were  filled  by  the 
subjects  being  engaged  in  taking  other  tests  of  memory.  We  will  examine 
the  frequency  judgments  as  a function  of  the  length  of  the  retention 
interval.  The  procedure  used  needs  to  be  given  in  some  detail. 

It  will  be  remembered  that  the  subjects  recorded  the  elapsed  time 
as  they  completed  each  ol  the  three  test  sheets,  so  iL  was  possible  Lo 
specify  three  retention  intervals,  witli  the  performance  on  any  given 
task  at  each  oi  the  three  retention  intervals  being  represented  by 
diiferent  groups  ol  subjects.  In  Condition  FORD,  42  subjects  were 
represented  at  each  interval.  Wt  will  idenLify  the  three  intervals 
as  short,  medium,  and  long,  but  it  is  necessary  to  provide  rough  evi- 
dence on  the  length  of  the  intervals. 

On  the  first  test  trial,  the  short  interval  (time  to  first  Lest) 
consisted  of  20  seconds  for  the  recency  slide,  plus  40  Lo  60  seconds 
required  to  distribute  the  booklets  and  give  the  initial  test  instruc- 
tions. Thus,  the  short  retention  interval  (the  time  between  the  pre- 
sentation of  tile  last  experimental  slide  and  the  beginning  of  the  first 
test)  was  something  in  the  neighborhood  ol  I minute.  The  medium  and 


long  intervals  wi  r<  determined  by  the  average  time  required  to  complete 


Liu  lirst  .md  second  memory  t*.  sts , r«  .poet  i vdy  In  tin  prse-nt  « t < 
w*'  arv  interest  I'd  in  Liu  irequoncy-  judgment  t sLs,  so  tin  . ed  iunt  and 
long  intervals  were  produced  by  Clio  t Line  required  to  ceimpli  Li  the  J' 
call  and  recognit  cm  tests.  file  average  medium  and  long,  retention 
intervals  for  frequency  judgments  lor  Trial  1 were  2.0lJ  and  » .4  2 min 
utes  from  tin-  point  in  time  that  the  subject  st  irted  I In  lirsL  test 

On  the  second  test  trial,  the  booklets  wef  iimiudiat.  Ly  availabl* 
to  the  subjects,  and  no  instructions  were  necessary.  furthermore,  the 
data  indicate-  that  the  objects  required  less  Lime  Lei  Lake  Liu  Lists 
ein  tli<  second  trial  than  on  the  first.  The  medium  and  long  retention 
intervals  lor  the  cond  Lest  trial  woe  1.70  and  A . 2 i minutes. 

boss  eel  Irequeiicy  information  over  I ime  would  In  indicated  by 
; lat tent  Hi  ui  : In  : im  representing  i he  relat  tonship  between  true 
frequency  anil  judged  lr  fluency.  ibis  e oei  I el  be  de-t  ermiiie'd  direel  ly 
roil  tin  raw  litepiency  judgments.  However,  for  either  purposes  wi 
want  i d i.  asures  ol  each  individual's  per tormauce  relating  Lien  tope 
alld  j U<l  i'll  S Ope.  I'hi  Li  lore,  leir  each  subject  Wi  ca  I e u I a t L'd  pj  tid  ui  I 
ihom.-nt  cun  lat  ion  b tw.'  tl  the  true  Lre-epiene  ii  s anil  Lin  Uldg.eei  Iri 

ui  in  its  ol  the  11)  state  names.  these  correlations  do  not  re  I l.et 

'i!;,  i is  . i ...  ns  individuals  in  levt  l of  absolute  judgment  • hut  they 
t.ould  r * I!-'  l iccuritely  differences  in  tile  degree  to  which  tin  fuel-., 
lope  apnroxii'  ited  tile  true  slope'.  For  statistical  purpose-  , each  _r 

was  t rans t or.  ei!  to  . although  tor  graphing  and  expository  P'  ruos.  ■ , 

wi  have  ft  i ms  I of  d tin  mean  d to  £. 

l or  trial  1,  tin-  i an  Correlations  for  the  shot  r . eeiium.  am'  an 


retention  intervals  were  .81,  .79,  and  .83  respectively.  The  correspond- 


ing values  for  Trial  2 were  .79,  .78,  and  .81.  None  of  tlie  differences 

was  reliable  sat istica l ly . These  data  show,  as  did  those  used  to  plot 
Figure  2,  that  performance  in  estimating  frequency  of  events  did  not 
improve  from  Trial  1 to  Trial  2,  and  that  this  performance  did  not 
change  over  the  retention  intervals.  The  lack  of  increase  in  precision 
from  Trial  1 to  Trial  2 might  be  attributed  to  a ceiling  effect;  that 
is,  in  an  absolute  sense  performance  was  quite  good  on  the  first  trial, 
and  it  may  be  that  any  improvement  beyond  that  would  be  difficult  to 
obtain  under  any  circumstances.  However,  in  other  conditions  in  which 
there  were  fewer  tasks  (to  be  described  later),  the  subjects  were  able 
to  improve  their  performance  liom  Trial  1 to  Trial  2 even  when  perfor- 
mance was  better  on  the  I.rsL  trial  than  it  was  for  the  present  condi- 
tion. For  the  time  being,  therefore,  we  must  consider  the  possibility 
that  the  lack  of  improvement  from  trial  I Lo  Trial  2 in  frequency  judg 


ments  resulted  in  some  way  I rom  the  demands  placed  on  memory  by  the  other 

tasks  . 

order 

In  this  task  the  subjects  were  required  to  identify  the  order  in 
which  the  seven  streets  were  "crossed."  The  task  may  be  viewed  as  a 
serial  learning  task  without  the  necessity  of  recalling  the  street 
names.  As  a first  response  measure  w<  have  used  the  mean  posit  ton 
judgments  of  the  seven  streets  These  are  shown  in  Figure  3.  The 


clear  slope  for  Trial  1 indicates  that  souk  serial  order  in  l ori-aL  ioti 
was  available,  and  the  obvious  increase  in  the  slope  lrom  i'riul  1 to 
Trial  2 shows  that  additional  learning  occurred  on  the  second  study 
trial.  We  also  examined  the  number  of  hits  (assigning  correct  numbers) 
lor  each  street.  These  data  showed  that  Lite  number  ol  hits  was  great  et 
tor  the  first  and  seventh  streets  than  ior  the  other  live,  but  there 
was  little  difference  among  the  other  i i ve . The  number  o!  hits  in- 
creased for  all  positions  between  Trial  1 and  Trial  2. 

To  examine  the  effect  of  the  retention  interval,  we  have  calcu- 
lated the  £ relating  true  and  estimated  position  of  the  seven  streets 
lor  each  subject.  because  the  tests  lor  frequency  and  tor  order  wore 
eh  tlie  same  test  sheets,  the  retention  intervals  were  approximately 
those  given  earlier  lor  the  frequency  judgments.  As  would  be  expected 
I rum  the  evidence  in  figure  3,  the  mean  jr  increased  substantially 
between  Trial  ! (.47)  and  Trial  2 (.89).  On  Trial  1 the  mean  corra  l.1 
turns  lor  the  short,  medium,  and  long  retention  intervals  were  .38, 

'■0,  anc  50.  Ian  'U  i a l 2,  the  corresponding  values  wen  .91,  8b, 

• md  Overall,  the  interval  eftect  was  not  reliable,  stat  i si  ically , 

but  there  w.is  a significant  interaction  (£  - .01)  between  interval 
and  trial  flies  effect  is  due  largely  to  the  low  correlation  mi  tin 
r trial  'or  the  short  retention  interval.  We  have,  not  been  able 
■ . ve  a reasonable  explanation  oi  this  linding,  although  these,  data 
it'.  lean  in  bowing  that  performance  did  not  deteriorate  as  the 
retention  interval  increased. 

Re cal  I 


We  counted  as  correct  only  those  items  in  which  both  words  idenl  i 


or  Condition  FORD  as 
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fying  a company  were  recalled  together.  The  results  for  each  trial 
are  shown  in  Figure  4,  with  the  spacing  variable  on  the  baseline,  and 
percent  recall  on  the  ordinate.  As  is  apparent,  in  an  absolute 
sense  performance  was  very  poor  on  Trial  1.  The  interaction  between 
the  spacing  variable  and  trials  is  quite  evident  (£  = .001).  The 
difference  on  Trial  2 between  recall  with  a spacing  of  0 and  recall 
with  spacings  of  i and  3 is  large.  This  is  true  in  spite  of  the 
fact  that  the  so-called  massed  practice  (0  spacing)  becomes  spaced 
practice  when  viewed  across  the  two  trials.  Recall  with  a spacing  of 
3 was  obviously  not  better  than  recall  with  a spacing  of  1,  although 
as  will  be  seen  later,  this  finding  did  not  always  hold  when  the  num- 
ber  of  tasks  was  reduced. 

It  will  be  remembered  that  a Same-Different  variable  was  included 
in  the  positioning  of  the  company  names.  The  two  occurrences  of  the 
name  were  in  the  same  cell  on  both  slides  or  in  different  cells  on 
the  two  slides.  This  variable  had  no  effect  overall  (£  = .26),  but 
it  did  interact  with  the  spacing  variable  (£  = .004).  This  interac- 
tion is  seen  in  Figure  5,  for  Trial  2.  The  data  indicate  that  when 
the  two  occurrences  were  on  successive  slides  (Condition  1),  perfor- 
mance was  better  if  the  same  cells  were  used  to  show  the  company 
name  than  if  different  cells  were  used,  whereas  with  spacings  of  0 and 
J,  there  was  a slightly  opposite  effect.  None  of  the  other  inter- 


act ions  was  reliable. 


W f turn  iu  xt  tn  Lf.  influence  ol  1 1 - t'i  tint  ion  nitirval.  The 
length  of  L hi  lit  iiit  i on  int.i-rv.ils  wen  calculated  in  tin-  satin  way  as 
was  done  ior  tin  i qm  ncy  judgments.  For  Trial  1,  t Iu  medium  and 
long  re  t i-nt  i on  intervals  were  l . 78  and  j.8f>  minutes,  respectively. 

For  tin  second  trial,  the  corresponding  valtus  were  .90  and  1.99 
minutes.  Again,  these  values  represent  the  time  which  elapsed  lrom 
tin  moment  the  subjects  actually  started  to  take  tin  lirst  test.  It 
may  be  observed  that  these  intervals  were  shorLcr  than  were  those 
lound  for  the  frequency- judging  task.  This  results  lrom  the  lact 
that  subjects  in  general  spent  more  time  on  the  recall  test  than  on 
lilt  Other  two  test  sheets. 

There  wi-  no  effect  of  the  retention  interval  on  recall.  lor 
tin  short,  medium,  and  long  retention  intervals,  tin  recall  values 
lor  Trial  1 were  7.9,  8.),  and  7.1  , respectively  For  Trial  2,  tin 

values  wi  ri  29  8,  '31  .A,  and  31.07.. 

F Meets  o l pus i t ion . There  are  still  further  questions  Lo  be 
asked  about  Liu  retention  interval  and  recall.  It  will  be  remembered 
that  Lht  setond  occurrences  ol  the  30  company  names  wi r.  arranged  so 
Lx  oi  irt  1 in  each  fifth  ol  tin-  list.  Wc  may,  therefore,  at k 
about  ttcall  a.  a function  of  both  position  and  intir<a!  The  results 
i : this  analysis  are  shown  in  Figure  6,  for  each  trial.  On  Trial  1, 

tlen  appears  to  be  a small  recency  effect  at  tin  short  interval; 
t 1 . is  trui  in  spite  of  the  lact  that  there  was  a rt coney  buffer 
. I Let  ■ . ami  approx  ir  at  i !y  one  minute  was  involved  in  riving  instruction 


Percent  Recall 


Percent  Recall 


Figure  6.  Recall  in  Condition  FORD  as  a function  of  position  in  the  list  (1 
through  5),  length  of  retention  interval  (short,  medium,  long),  and  trial. 
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and  distributing  booklets  before  recall  was  initiated.  This  recency- 
like effect  becomes  more  apparent  on  Trial  2,  where  a small  primacy 
effect  also  appeared  lor  all  intervals.  There  appears  to  be  a com- 
pensatory effect  in  that  recall  was  better  lor  the  early  positions 
with  the  longer  retention  intervals  than  it  was  with  the  short  inter- 
val, whereas  on  the  fifth  position  the  reverse  was  true.  For  Trial  2, 
both  the  effects  ol  position  and  the  interaction  between  position 
and  interval  were  reliable  (jj  < .01).  It  is  worth  mentioning  that  in 
the  large  pilot  study  where  names  ol  existing  companies  were  used, 
the  same  interaction  between  interval  and  position  was  also  found. 

We  believe  that  the  interaction  shown  in  Figure  6 is  a conse- 
quence of  two  factors.  First,  for  the  short  retention  interval,  the 
items  first  recalled  tended  to  be  items  from  the  later  positions  in 
the  list.  This  was  determined  by  making  a tally  of  the  study  posi- 
tions for  the  first  half  of  the  items  recalled  on  Trial  2.  This  tally 
showed  that  64.27,  of  the  items  appearing  in  the  iirst  half  of  the  re- 
call protocol  came  from  positions  in  the  second  half  of  the  study 
list.  For  the  medium  and  long  intervals,  Lhe  values  were  49.37.  and 
47.5/..  When  the  bias  at  the  short  retention  interval  for  recalling 
items  positioned  late  in  Lhe  list  is  viewed  in  conjunction  with  the 
recency  effect,  it  might  seem  that  the  recency  efiect  results  trom 


the  production  of  iLems  from  a short-term  store  as  recall  is  initiated, 
flu  difficulty  with  this  interpretation  is  that  recency  effects  also 
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occurred  on  Tri.il  l where  it  least  .1  mi  in  it  e «•  lapsed  hi  twe-  n Liu  ast 
i xper  i mental  slidi  ..nil  lln  point  in  t inn  at  which  the  subject  initialed 
recall  lor  tlie  short  interval.  1l  should  also  be  noted  that  tin  sub 
ject  did  not  know  at  that  time  that  his  1 irst  retention  test  was  to 
i nvo I ve  reca I i . 

The  second  I ac L that  must  be  com.  i Ji  red  is  tin  timi  spent  by  tin 
subjects  in  attempting  to  recall.  I be  time  measures  indicatt  t li.it 
thi  subjects  spent  1 on  time  in  attempting  to  recall  after  the  i.diu 
and  long  retention  intervals-  than  alter  the  short  retention  ■.  1 1 1 ■ r v 
Tor  the  three  intervals  in  order  tin  value  wer.  I'.V.  i . j 1 , ind  . •) 

i miles  It  appears,  therefore,  that  subjects  witli  the  .hort  1 '01 

t ion  interval  spent  less  total  Lime  in  trying,  to  reca'  ! : i-.in  • ■ < ’ • 

ects  with  the  longer  intervals,  and  that  tiny  spent  .1  d !■•  prop.  •»  ; 

:iLe  amount  of  this  t iim  trying  to  recall  items  octupv ' ie.  tool  nm..  : 1 
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tin-  error  percentages  from  Trial  1 to  Trial  2,  and  some  increase  in 
errors  as  the  retention  interval  increases.  However,  this  latter 
effect  is  not  reliable  statistically  (j£  - .08),  and  thus,  for  a fourth 
task  we  have  again  found  that  the  memories  established  on  the  study 
trials  were  relatively  stable. 

Separation  variable.  Among  the  signs  presented  were  12  in  which 
the  two  words  for  a given  sign  occurred  on  different  slides.  There 
were  three  levels  of  separation  of  the  two  words,  namely,  1,  2,  or  U 
slides.  On  the  test,  all  of  the  signs  were  given  as  two  words  and  the 
subjects  had  to  decide  whether  the  signs  had  been  presented  on  the 
slides  as  intact  signs  The  false  alarms  made  to  these  12  signs  were 
compared  with  Lhos<  made  to  new  signs  (control).  Again,  length  of 
the  retention  interval  did  not  influence  the  outcome  reliably;  there- 
to the  results  as  seen  in  Figure  8 are  depicted  in  terms  of  separa- 
t ion  and  trial. 

There-  can  be  no  doubt  that  presenting  the  two  words  separately 
produced  mori  ialse  alarms  on  the  test  than  were  produced  Lo  new 
signs,  "Inserting"  the  two  words  separately  into  the  memory  system 
influenced  decisions  about  whether  the  words  had  or  had  not  been 
presented  tog<  tin  r during  study,  and  this  was  true  for  both  trials. 
Vet,  tlu  distant i by  which  the  two  words  were  separated  on  the  study 
trial  was  ot  no  consequence  in  determining  the  number  of  false  alarms. 
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1 nt  c-r  r . ■ lat  Lonsh i p W 1 1 h i n and  Among  l'asks 

We  know  very  little  about  subjects'  "strategies"  when  tiny  are 
given  four  tasks  to  learn  simultaneously.  Some  subjects  might,  at 
one  extreme,  attend  primarily  to  one  oi  the  task:.,  essentially  ignor- 
ing the  other  tasks.  Or,  a subject  might  attend  to  one  or  two  ot  the 
tasks  on  the  first  study  trial,  and  to  the  other  tasks  on  tin  seceuid 
study  trial  . Sonu  preliminary  evidence  on  such  issue:,  can  be  gotten 
from  an  examination  oi  tin  correlations  within  and  between  tasks. 

In  calculating  tin  correlations  to  be  reported  lie-re,  and  in  all 
studies  to  be  reported  later,  w i have  used  standard  scores  (x/^vi 
where  the  mean  and  standard  deviation  used  lor  deriving  a standard 
core  we  re  based  on  tin  scores  within  a form  for  the  present  dal  i . 
tin  re-  were-  42  subjects  assigned  Lo  each  lorm,  and  tin  mean  and  stand 
urd  deviation  of  the-  42  scores  wen-  used  to  obtain  a standard  score 
lor  each  subject.  The  correlation  was  tln-n  calculated  on  all  12b 
subjects.  In  eondit  ions  Lo  be  reported  later,  we  usual ly  used  lb 
subjects  in  a condition,  12  b>  i ng  assigned  to  each  lorm.  In  these 
conditions,  just  as  in  tin  present  FORD  condition,  the  standard  score 
lor  each  sub j (t  was  based  on  the  mean  and  standard  deviation  o!  tin 
•ib'.ct  , within  emit  form,  although  the  correlation  w..s  calculated 
across  the  Jb  objects. 

lor  Ireijii'  ncy  judgments  and  serial  ordering,  z'  scores  have-  been 
to  r licet  individi  i!  performances.  For  recall,  tin  individual 


2 


Sepa  ration 


4 


Figure  8.  False  alarms  on  separated  items  for  Condition  FORD  as  a function 
of  level  of  separation  and  trial.  The  control  levels  w>  re  established  by 
errors  on  new  items. 
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scoria  wore  total  items  recalled,  and  lor  recognition  we  used  the  total 
errors  (faLse  alarms  on  both  new  and  separated  items,  plus  misses  on 
old  items). 

To  ask  about  the  correlations  within  tasks  is  to  ask  about  the 
reliability  of  performance,  and  for  this  purpose  the  correlations  be- 
tween performance  on  trial  l and  Trial  2 were  used.  If  these  correla- 
tions are  high,  it  can  be  inferred  that  subjects  were  probably  not 
concentrating  heavily  on  one  or  two  tasks  on  the  lirst  study  trial, 
and  on  the  other  tasks  on  the  second  study  trial.  If  the  subjects 
did  do  this,  the  correlations  could  not  be  high  unless  all  subjects 
shifted  in  the  same  way,  which  seems  quite*  unlikely.  Substantial 
correlations  between  trial  1 and  Trial  2 would  seem  to  imply  some 
consistency  in  the  distribution  ol  effort  on  the  two  trials.  With  126 
subjects,  a correlation  ot  .23  carries  a ]>  value  of  .01. 

Tor  frequency  judgments  (Task  F) , the  correlation  between  Trial 
1 and  Trial  2 was  .62;  (or  order  (Task  0),  .30;  lor  recall  (Task  R), 
.64;  and  tor  recognition  (1'ask  1)),  .36.  We  consider  these  correla- 

tions to  be  substantial  lor  all  of  the  tasks  except  Task  t).  Does  tin 
relatively  low  correlation  for  this  task  imply  that  subjects  may  have 
ns* d this  task  as  a pivotal  trade-ofl  task?  We  think  not,  and  there 
,i.  two  reasons.  First,  ii  is  clear  trom  the  data  presented  that  the 
.ubjicts  as  a whole  did  not  ignore  task  0 on  the  second  trial  because 
it-,  ri  was  a marked  improvement  in  performance  between  Trial  1 and 
irial  2 Sciond,  other  data  (Underwood,  1977)  suggest  that  as  subjects 
iti'iipt  tu  identify  tin  temporal  order  ol  events,  their  performance 
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on  initial  learning  trials  is  inherent  1 y unreliable  . Bi-caust  oi  tin. 
basic  unreliability,  we  have  not  included  this  task  in  many  o!  the 
manipulations  to  be  presented  later.  We  are  lol  to  tin  conclusion 
that  the  relatively  low  relationship  between  Trial  1 and  l'rinl  2 
per lormunce  tot  task  0 cannot  be  easily  interpreted  a-  represent  i tig 
■•in  t Ls  in  tin  sub  j c ts  1 attention  I rom  task  to  tusk 

The  evidence  on  the  l requeue y judgments  (Task  F)  showed  that 
performance  did  not  improve  i rom  Irial  1 to  trial  2.  Hits  might 
.suggest  that  the  subject  , is  a group  may  have  neglected  this  task  on 
tin  second  study  irial.  This  could  happen  and  still  tin  data  would 
show  reliable  performance  from  Trial  I to  Trial  2.  At  the  extreme. 

We  would  simply  bi  measuring  the  niefnor  i es  established  on  Irial  1 
twice.  This  dens  in,  t now  see, n lu  be  tin  most  appropriate  i ut  e rpre  - 

Latiou.  We  will  later  present  evidence  which  shows  that  even  when  tin 

object  i given  only  Task  F,  Lin  reliability  is  no  higher  than  lor 
tl  , pre  ut  ei.it  .r  ev  u though  performance  improves  I rom  Irial  1 to 
trial  2 . 

We  be  I i i Ve  that  lor  tin  three  task:  (F,  K,  and  D)  tlu  reliabi- 

lities ar>  stub  as  to  indie  ale  that  the  subjects  had  In  oi  reasonably 
cons  i stent  in  allotting  their  learning  time  tor  tin  tasks  across  tin 
two  trials  1 1 i ven  tlii  . state  ol  al  fairs,  wc  may  then  ask  about  tin 
i n 1 1 r l as i i t r < 1 ut  i • us.  a a means  ol  estimating  Liu  commonality  o 1 
process,  . underlying  the  tasks.  We-  have  used  the  totals  ac  reins  t lie 
two  trials  as  tlu  measure.  The  data  show  tin-  lol  lowing:  Task  I x 
Task  R,  .12,  Jask  I x ia.sk  1),  .30;  and  Task  R a Task  1),  lb.  Although 

the  last  two  corre  I .it  ions  are  highly  reliable  stal  ist  ic.il  Iv,  the 
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amount  of  shared  variance  is  sufficiently  small  to  require  considera- 
tion ot  the  possibility  that  in  learning  these  tasks  simultaneously 
there  are  fundamental  differences  in  the  processes  underlying  them. 

Summary 

The  present  central  condition  provided  data  that  were  relevant 
to  three  of  the  four  purposes  which  led  to  Lhe  research.  These  pur- 
poses provide  a convenient  basis  ior  organizing  a summary  of  the  re- 
sults of  Condition  FORD. 

One  of  the  questions  we  asked  concerned  Lhe  universality  oi  cer- 
tain memory  phenomena.  These  phenomena  have  been  produced  and  studied 
primarily  through  the  use  of  individual  tasks;  we  asked  whether  or 
not  the  phenomena  would  be  observed  when  the  subjects  learned  lour 
tasks  simultaneously.  Three  phenomena  were  of  particular  interest. 

1.  The  data  indicated  that  relative  frequencies  of  multiply- 
occurring  events  were  assimilated  with  high  fidelity  during  a single 
trial.  And,  as  commonly  observed  in  simple  situations,  events  with 

low  frequency  Wire  overestimated,  those  with  high  frequency  were  under- 
est imated.  We  were  at  this  point  somewhat  puzzled  by  the  failure  oi 
tlie  memory  for  frequency  differences  to  become  more  precise  as  a eon- 
sequence  of  the  second  study  trial. 

2.  The  recall  data  showed  a phenomenon  quite  like  the  spacing 
effect  which  lias  been  found  in  so  many  different  situations  (Uintzman, 
ID7h)  11  a company  name  occurred  twice  on  Lhe  same  slide,  it  was 
less  likely  to  be  recalled  than  if  it;  occurred  once  on  each  of  two 


slides.  There  was  no  lag  effect  in  that  recall  for  items  was  as 


it) 

high  when  Liu  names  were  on  adjacent  slides  as  when  two  other  slides 
It  II  between  the  two  occurrence;,.  Available  t ud  i e>  using  single 
tasks  show  that  the  level  of  lag  beyond  zero  sometime;  influences 
performance1  and  sons  times  does  not,  but  the  critical  interacting 
variable(s)  have  not  been  clearly  identified.  Data  to  be  presented 
later  will  have  tuori  to  say  about  this  matter,  and  also  about  the  roll 
ol  Sunk  versus  Different  spatial  positions,  a variable  which  inter- 
acted with  Liu  degree  ot  spacing. 

l'he  recognition  data  showed  the  "spontaneous  integration" 
phenomenon  lor  Lwo-word  road  signs  when  the  words  had  been  presented 
ep. irately,  and,  as  demonstrated  in  the  single-task  situation  (Under- 
wood , Kupeluk,  d>  Main. i,  19/6),  the  degree  of  Separation  had  no  inllu- 
. net  on  the  probability  ol  spontaneous  integration. 

Ceiurallv  pi  iking,,  tin  results  have  shown  that  phenomena  occur- 
ring in  t lu  ■ i ng  It  ta.,k  situation  will  not  disappear  or  change  in 
.no.  dram.it  it  .inner  wlun  the  subject  is  required  to  learn  lour  l asks 
s i mu  1 1 atitous  1 y . 

A , ond  guest  ion  concerned  the  stability  ol  the  memories  eslab- 
! i under  t In  flooded  conditions.  W>  did  not  1 i nd  a n liable 

i or  any  ol  tin  memories  up  to  several  minutes.  There  are  threi 
hi,  • uis  which  must  be  born  in  mind  when  evaluating  the  lack  ol 
. r.  t:  up  I i rst  , no  retention  interval  was  less  t han  20  seconds 

(t  at  pru  t station  ot  the  recency  buffer  slide).  This  short  i nt • i - 
va  1 ii'  cur  red  only  on  the  econd  test  trial;  for  the  1 irst  test  trial. 


t t u itist  interval  was  at  least  00  seconds. 


Tiler  e 1 ore  , 


i 1 mos  t o I 
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the  forgetting  occurred  very  rapidly  (in  a matter  of  seconds),  we 
would  not  detect  it.  Second,  the  retention  intervals  were  always 
filled  with  memory  tests  on  other  tasks.  If  there  is  an  output  in- 
terference which  cuts  across  tasks,  sharp  forgetting  would  have  been 
found.  Third,  in  general,  die  longer  the  retention  interval  the 
longer  the  subjects  spent  on  the  retention  tests.  We  presented  data 
on  these  intervals  only  for  recall,  but  Lhe  same  relationship  was 
present  for  the  other  tasks  in  spite  of  the  fact  Lliat  for  these  other 
tasks  (F,  0,  D)  the  subjects  were  required  to  respond  to  all  items. 

The  positive  correlation  between  the  length  of  the  retention  interval 
and  the  time  the  subjects  spent  on  the  retention  tests  could  have 
influenced  the  amount  of  retention.  it  would  do  so  if  time  spent  on 
tlie  retention  tests  and  performance  are  related.  We  think  it  might 
have  had  a small  effect  on  recall,  but  its  influence  on  die  other 
tasks  is  doubted.  It  is  remotely  possible  that  the  influence  of  the 
three  factors  mentioned  here  could  be  in  precise  balance  and  resulL, 
therefore,  in  no  evidence  for  forgetting  when  in  tact  there  was  for- 
getting, but  we  doubt  it.  Rather,  we  tend  to  believe  that  memories 
established  under  conditions  of  simultaneous  learning  may  be  particu- 
larly resistant  to  forgetting . 

Finally,  we  were  curious  about  die  independence  of  the  memories 
established  for  the  lour  tasks.  When  we  speak  of  independence  we  are 
re  I erring  to  the  independence  of  underlying  processes.  The  correla- 
tional evidence  could  be  interpreted  to  indicate  a high  degree  of  in- 
dependence. This  conclusion  could  also  be  supported  by  the  failure  of 


l!h  memory  test  on  mu  task  to  interior*  witti  tin.  retention  >>l  anot  ni 
task.  y*.  t , in  tin  long  run,  w<  most  not  only  o.xamiin  tin  mti  laLiom. 
among  tasks  learned  s i mu  1 taneous ly , but  also  tin  correlat ions  among 
these  tasks  when  1*  irind  sequentially.  Obviously,  i 1 tin  perl  .•rmain  i • 

art  uncorre 1 ut id  win  n tin  tasks  are  learned  sequentially,  wi  couid  not 

eon.  hide  that  ii  flerent  ial  incoding  resulted  lror  si  mil  taneous  1 tam- 
ing • 

MAJOR  ANALYTICAL  ST  KPS 

Hu  simultaneous  presentation  of  lour  t lasses  >1  itei  tot  learn 

i n>  in  Condition  FORI)  .coins  to  hav.  provided  a rath,  i m v.  n elia  I 1 * ngi 
to  ih.  jn-rceptua I -memory  system.  As  we  proceed  t.o  the  analytical  ..l  i e 
then  will  be  an  casing  < • ) the  demands  on  tin  system,  i In  . . : , . : . . i ug 

produced  either  by  a reduction  in  Liu  amount  ol  inlorm.it  ion  wlm  h tin 
ubj  it:,  wi-n  in  .true  ted  to  learn,  by  tin  amount  ol  informal  ion  i in  • 

w.  n ;u  . euted,  or  bv  both.  When  tlnsi  manipulations  w.r*  carried  to 

ill.  i xtrenn  , the  .object-  wt-ri  presented  a a i ng  1 1 task  to  1 • arn , and 

■ I i is  p. . int  we  w>  r*  in  direct  contact  with  the  major  st  roams  ol 

r, march.  W will  look  at  the  major  issues  which  prompted  th  male 
t ic  a I st  . ps  . 

In  i r i iny  .,ut  tin  manipulations  in  which  the  demands  on  memurv 
r*  reduced,  the  ixpo.oir*  period  (study  Linn  ) remained  tin.  .aim  a . 

I r ('■  ml  i L ton  l-ORl)  It  would  sou  beyond  reasonabl  doubt  that  given 
, , i , taut  piio.J  ol  tudy,  the  yriater  tin  numb*  i ol  dillor.nt  tasks 

t ' mil  t . i ■ r * <i  a i t * <1  ' . . learn  , tin  l < :.s  ol  * ach  that  would  bi 


1 i a r in  d 


;ii  V ) tin  1 i 


tin  relationship  betwc* n amount  learned  and 


39 


study  time  is  probably  not  a simple  one  when  more  than  one  task  is 
involved.  For  example,  in  the  simultaneous  learning  of  two  or  more 
tasks,  the  subject  may  classify  the  items  on  a slide  as  belonging  to 
different  categories  (based  on  orthography  or  on  meaning)  and  this 
classification  process  may  take  disproportionately  more  time  as  the 
number  of  tasks  increases.  At  the  same  time,  it  could  be  argued  that 
the  act  of  classification  is  an  act  of  learning  and  therefore  that 
classification  time  is  not  "lost"  time.  Thus,  while  it  seems  fairly 
sure  that  with  a constant  study  time  performance  will  improve  as  the 
number  of  tasks  required  to  be  learned  decreases,  the  interpretation 
of  the  factors  mediating  Lhe  relationship  may  not  be  simple. 

We  have  suggested  the  possibility  that  when  the  subjects'  memory 
systems  are  overwhelmed,  they  might  attempt  to  cope  with  the  situation 
by  attending  to  fewer  than  four  tasks.  We  do  not  believe  that  this  is 
likely  to  happen  until  the  subjects  have  had  an  opportunity  to  get  a 
clear  idea  of  the  magnitude  of  the  task  which  faces  them.  In  particu- 
lar, we  believe  that  a voluntary  narrowing  of  effort  to  less  than  the 
number  of  tasks  presented  would  occur  after  the  first  test  trial  when 
Liu  subjects  will  have  gained  first-hand  knowledge  of  what  is  expected 
of  them  on  Lin  tests.  As  we  have  mentioned  earlier,  the  relatively 
high  intertrial  correlations  of  performance  on  three  of  the  four  tasks 
would  be  interpreted  to  mean  thaL  the  subjects  did  not  attend  to  fewer 
than  lour  tasks.  The  argument  is  weak  because  vie  do  not  know  what 
the  intertrial  correlations  would  be  if  no  restriction  of  attention 


were  possible  (as  would  be  the  case  when  a single  task  is  presented). 
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Tho  evidence  which  will  evolve  from  Llie  conditions  soon  to  In  describe d 
will  provide  lair Ly  definitive  answers  to  questions  concerning  restric 
tion  of  attention. 

I’o  repeat  ourst  1 ves , w>  have  sa  id  that  when  two  or  more  tasks 
.in  given  simultaneously,  tin  subjects  may  classiiy  each  item  as  Lx  - 
Longing  to  a part icular  category.  If  tlu  subjects  are  instructed  to 
learn  only  two  oi  tlu  four  tasks,  the  classification  may  involve  two 
levels,  namely,  those  to  be  learned  and  those  not  to  be  learned,  and, 
within  those  to  hi  learned,  the  type  ol  encoding  to  be  used  for  each . 

Ll  the  subject  does  classify  at  the  first  level  mentioned,  and  i!  t he 
act  ol  classification  produces  learning,  it  will  hi-  detected  by  a 
measure  oi  incidental  Learning.  A number  of  our  conditions  involvi 
tests  for  incidental  learning. 

Because  oi  the  low  correlations  in  the  performances  on  the  foui 
tasks  oi  Condition  FORI),  we  suggested  that  Liu  subjects  may  have 
encoded  each  task  independently.  Thus,  in  sequence,  the  subjects 
e I as  ; i £ ied  an  item  into  one  of  four  categories,  and  tlu  n encoded  il  to 
lit  tin  demand.'-  ol  flic  tests,  with  the  encoding  ol  tlu-  items  in  tlu 
lour  categories  be  mg  distinctly  different  irora  each  otlu  r . Hi  i pr-. 
ur ed  orderliness  Ls  patently  in  contrast  to  other  description:  w. 

avi  used,  i the  overwhelming  or  tlu  flooding  ot  memory.  1 ! 

1 1 1 1 r : . i , the  I at  t>  r descriptions  ar.  not  to  be  taken  literally,  and 
the)  represent  more  of  tin  experimenter's  view  ol  thi  situation  than 
cl  the  subjoin/  view.  The  facts  are  inirly  clear;  tlu  subjects  did 
l i arn  i i Condition  FORD;  they  did  show  improvement  lrom  tin  iirst  to 
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the  second  trial  for  three  of  the  four  tasks;  they  did  handle  the  task 
given  them  without  going  into  shock.  The  low  intercorrelations 
among  tasks  were  not  symptoms  of  chaos.  They  will  need  interpreta- 
tion and  we  anticipate  the  data  evolving  from  the  analytical  steps 
will  be  useful  for  this  purpose. 

The  Experimental  Conditions 

There  were  20  different  conditions,  and  threL  general  variations 
among  the  20  conditions  may  be  identified.  First,  the  number  ol  tasks 
presented  on  the  study  trials  was  held  constant  at  four  with  the  num- 
ber of  the  tasks  to  be  learned  being  specified  by  instructions.  Tasks 
not  specified  in  these  instructions  were  tested  for  incidental  learn- 
ing. The  second  general  manipulation  involved  the  number  of  tasks 
presented  for  learning,  these  paralleling  the  number  of  tasks  to  be 
learned  as  specified  in  the  instructions  lor  tin  first  manipulation. 

In  the  Lhird  variation,  two  diflerent  tasks  wt ri  always  presented  on 
the  study  trials,  but  the  subject  was  instructed  to  learn  only  one  of 
them,  the  other  task  being  tested  fur  incidental  learning. 

Symbol  System 

With  20  different  conditions,  there  was  a problem  in  deriving  a 
code  that  would  allow  easy  identification  of  each  condition,  although 
tuli  a code  seemed  necessary.  Here  is  what  we  did.  Condition  luikU, 
f will  b>  remembered,  was  used  to  symbolize  the  simultaneous  learning 
t on  tasks:  lask  F,  frequency  assimilation  ol  state  names;  Task  O, 

ie.  ord«ring  ol  the  seven  street  names;  l'ask  R,  the  recall  ol  the  com- 
pany tuii.r  , and  Task  l) , the  recognition  oi  road  signs.  Using  these 


lour  let  L i r;> , i ucli  e uiu.1  i t ion  cun  be.  i dent  i 1 1 . d bv  t wo  ru  le  . ; t 1 -.  i 

the  presence  ol  a let  le  t indicate  that  L li.it  task  was  include  • m.  tin 

slides.  Second , it  a hyphen  is  us.  u to  separate  letL.rs,  thus,  t.i  .-  . 
represented  by  tin  letters  to  tin  1 « 1 t oi  the  hyphen  were  (by  jji.-iiu. 
t ton:  ) tasks  lor  intentional  1 e-arni  up , those  to  the  right  >>1  tin  by  p <i 

Wi  re  tiled  1 e)t  ille  ide'lltaj  le  jrnill,  . 

The  2 0 e euid  i i . , n:  are-  shown  in  r .lb  L e J . lur  i -.posiLory  purge's, 
they  are-  shown  in  Llite-e  columns.  The  meaning  of  some  ol  the  condi- 
tions will  be-  indicated  to  show  how  the  symbol  system  works.  The  lit  l 
e • - :ie!  1 1 Lon  i:  the-  lirst  column  is  l-'-oKJ) . In  this  condition  (and  all 

other  conditions  in  the  column),  all  lour  tasks  were  presented  (ju  i 
as  in  Condition  FORT) ) , but  tin  subjects  were  instructed  t ej  le.iiu  only 

the  1 requene.  y e I tlie  ,tati  names.  but,  they  were  a 1 so  tested  for  t he- 

incidental  learning  ot  Tasks  0,  R,  and  tJ  . In  tin  last  concl.itie>n  ol 
thi  lirst  column  (FRU-O),  the  subjects  were-  instructed  to  learn  a 

R.  aid  1),  but  were  also  tested  lor  the  incidental  1 earning,  ol  Task 
0.  None  of  tin  conditions  give-n  in  the  second  column  involved  i nc  i 
el.  nt  ,i  1 1 1 truing.  In  Condition  1-',  only  the  state  names  occurred  on 

the  slides  and  th.  subject-,  were  test'd  lor  1 re  que-ncy  iuloriiuil  ion 
In  Condit  ion  l-KU,  tin  slides  included  the  item  i e>r  I asks  I , R,  and 
1 . and  tin  subjects  we-n  t list,  rue  L id  to  le-arn  a l L hr ' ' last-  and  w ' ’ • 
1st  el  I or  a 1 1 t hr  i • . The  conditions  in  column  three  all  t nvu ! ve-e! 

•>n<  intentional  task  and  one  incident  il  task,  w'l1,  all  pec...  Ih  1 1 nw  i • 
nations  ol  the  t In  . -i  t as ! b-i  ng  ine  lot! . el  . As  ne  -1  or  ! ’ • i we  ■ I i • 
not  to  Ln'ludi  Task  0 in  any  ol  the  i i.ti.  • pu  lat  ions  shown  in  i lie  second 


The  20  Conditions  Used  in  the  Major  Analyses 


1-  - OKU  T F-K 

R-i'O!)  R F-D 

D-IOK  D k-F 

FK-OD  FK  K-D 

FI* -Ok  FI)  l)-F 

HD  -OF  kl)  l)-K 


FRU-O  FKI) 

tusks;  F - treqneiuy  judgments  n!  state  names 
t)  - street  ordering 
K - recall  of  company  names 
I)  - recognition  ui  signs 

Tasks  to  the  lilt  o!  hyphen  were  intentionally  learned,  those 
to  L he  right  were  tested  for  incidental  learning. 


43 


and  third  columns. 

Now,  of  course,  the  critical  question  is  what  we  expected  to 
learn  from  the  results  of  these  20  conditions.  However,  iL  seems  well 
to  indicate  first  the  procedures  involved  in  these  conditions. 

Procedure  and  Subjects 

The  procedures  tor  Condition  FORD  were  given  in  detail,  and  the 
procedures  for  Lhe  conditions  in  Table  3 were  exactly  the  same  except 
when  disallowed,  or  necessarily  changed  by  the  nature  of  the  conditions. 

1.  The  slides  in  all  conditions  were  presented  at  a 20-second 

rate.  Thus,  even  if  only  the  items  ior  one  task  wire  included  on  a 

slide  (as  in  Conditions  F,  R,  and  D),  each  slide  was  presented  for 

20  seconds. 

2.  When  less  than  four  tasks  were  presented  (as  was  true  for 

all  conditions  in  columns  two  and  three  of  Table  3),  the  items  held 

exactly  the  same  positions  on  each  slid'  as  they  had  held  for  Condi- 

t i on  FORD  . 

3.  Winn  two  or  more  intentional  tasks  were  included  in  a condi- 
tion, the  tests  tor  the  tasks  occurred  equally  often  as  the  iirst 

task  tested,  the  second  task  tested,  and,  with  three  intentional  tasks, 
as  the  third  task  tested. 

4.  flu  i wiri  always  two  study  and  test  trials  lor  intentional 
t asks  . 

3.  Incidental  learning  was  tested  after  the  tests  ior  Mu  inten- 
tional tasks  on  the  second  Lest  trial. 

b.  The  instruct  ions  given  initially  always  included  a descrip 


Lion  o 1 all  o t the  class 


>1  the  materials  (all  tasks)  represented 


on  tlu’  8 1 i d c . 
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It  both  inL  i nt  i ona  I . md  i in.  id  cut  a 1 I earn i ng  wcr > in- 
volved, Lhe  itisLruct  ions  mad e it  c 1 i.ir  wlucli  task  or  tasks  wcti  to  he 
testtd.  I'lius , for  Condition  K-FOD,  all  tour  classes  of  material  we  r. 
described,  and  then  Lin  experimenter  siiel:  "We  are  primarily  inter- 

ested, in  this  experiment,  in  how  w- ■ 1 1 you  can  recall  the  names  eel 
tin  commercial  companies.  Ai le  r you  see  Lin  slides,  you  will  In  asked 
t e>  write  down  as  many  of  tiiose  company  names  as  you  e an  reme-mbe-r  . 
I'herefore,  while  you  are  studying  tlu  slides,  you  should  one  nil  t at 
ini  the  company  names." 

Alter  the  Second  test  trial  on  the  i nte  nt  iona  1 ly- l«  unud  task 
Were  completed,  the  experimenter  said:  "Now  i hiv  three  (Lwo,  one  ) 
more  short  memory  tests  for  you  to  take.  flu  ..  tests  are  on  tin  extra 
materials  that  were  on  the  slides,  that  you  studied.  We  would  like  t ei 
se-e-  how  much  ot  this  i n 1 ormaL ion  you  can  !•  i either  veil  though  vem  v.e  re 
not  deliberately  conccntr.tt  ini  on  it."  15 v thee  an s , i ne  i el e n t a 1 
learning  was  measured. 

7.  As  was  true  lor  Condition  FORD,  subjeets  wer>  tested  in 
groups  of  .ix  subjects,  with  lorn::,  and  cond  i t ion*  lauiiomi/ed  u toss 
tinse  sma  1 I groups.  1 In  r c were  iO  subject  placed  in  < a . h euiul  it  lei; 

As  described  curlier  , the  seven  conditions  in  the  lust  c o iimn  ot 
! ab  1 1 5 Were  included  in  a common  testing  schedule  lor  1474-7),  md 

Lin  remaining  conditions  in  a common  schedule  lor  I 't 7 r>  7 < • "ow.  v • 

(a  a!  .o  not-!  earlier),  because  Condition  FORD  was  il:o  j .u  I ude  < 




I 
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these  schedules,  and  because  the  results  for  the  FORD  conditions  did 
not  differ,  we  have  concluded  that  all  20  conditions  shown  in  Table  3 
may  be  compared  without  a concern  that  the  ability  levels  of  the  sub- 
jects across  conditions  may  have  differed  appreciably. 

Data  Analysis 

Sone  of  the  general  theoretical  issues  which  we  believed  would 
be  touched  upon  by  the  data  from  the  20  conditions  were  indicated 
earlier.  For  tin-  time  being,  we  need  to  look  at  the  conditions  in  a 
more  empirical  way.  it  would  be  absurd  to  try  to  analyze  the  results 
lor  the  20  conditions  simultaneously;  it  is  necessary  to  break  up  the 
conditions  in  meaningful  ways.  We  will  indicate  what  we  conceive  to 
be  some  of  those  meaningful  ways  and,  therefore,  indicate  the  nature 
of  the  analyses  which  will  be  given  for  each  of  the  tasks. 

1.  A comparison  of  performance  on  each  of  the  three  tasks  as  a 
function  of  the  number  of  other  tasks  also  being  learned  will  be  given 
most  clearly  by  the  conditions  in  the  second  column.  At  the  same  time, 
w>  can  determine  the  degree  to  which  each  task  "subtracts"  from  the 
total  learning  poLcntional  or  total  learning  resources.  For  example, 
by  comparing  the  frequency  estimations  made  in  Conditions  KR  and  FD , 

wi  can  determine  the  degree  by  which  the  recall  and  recognition  tasks 
subtract  from  the  resources  needed  for  frequency  assimilation. 

2.  Comparisons  among  the  conditions  in  the  first  column  will 
show  how  intentional  learning  differs  as  a function  of  the  number  of 
other  intentional  tasks.  There  is,  of  course,  a confounding  present 
in  that  as  the  number  oi  intentional  tasks  increases,  the  amount  of 
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selection  required  decrease  .-.  (.number  >1  i tie  id.  nt  a I ! ask:,  dici  ease  • ' 

We  will  deal  with  this  matter  when  we  pre.-.eiu  tin  data. 

3.  The  comparisons  which  can  be  made  unions  the  conditions  in 
column  three  provide  evidence  on  the-  learning  e>l  i single  intentional 
task  as  a function  ert  the  type  of  uni nstructed  (incidental)  task. 

And,  o i course.  We  will  also  obtain  evidence  on  Liu  amount  oi  ltuid.  ; 
tal  learning  which  occurs  as  a iunct  ion  ej  1 the  typ-  ot  i at « nt  iona  i 
task . 

4.  When  attention  is  directed  Let  the  first  I hr.  . row  o!  i he- 
iirst  tWei  columns  and  correspond  ing  pairs  e>J  conditieuis  n column 
thre'e,  it  can  be  seen  that  we  will  have  evidence  on  the-  intent  iona! 
learning  of  each  ol  the-  three  tasks  as  a function  ol  the-  numbei  e > > 
incidental  tasks  (0,  l and  3),  but  since  Task  0 has  se>  5 i i t 1 « influence 
it  essentially  become  s 0,  1 and  2 incidental  tasks 

Ke-su  1 ts 

I r equenc y As s inii  ! a t I ettl 

! wee  measure  s have  been  used  to  reilect  the-  r.  I at  iotish  ips  be  t we  e-n 
true  frequency  and  judged  frequency  ol  state-  names  < I'asl  i- ) . One 
' i nsure  was  tin  produc t -moment  correlation  be  tween  tin  i rn<-  lre-qiien  v 
the  1U  state  names  and  estiniateil  lie  queue  v,  with  a (.oit  !at  'of 
1 ■ e tug  el  t c • r i ■ 1 ite-d  I eir  each  subject.  For  statistical  pu  r pos.  •. , t be 
e>rr<- 1 it  i on:  lave  been  transferred  to  , but  i 1 ; e port  e d values  'or 

the  teind  it  ions  will  be-  the  £ lor  each  condition  as  re  t r ans  I orim-d  I rot- 
the  m< -an  . A;,  a second  measure.  We  will  at  least  .ample  the  elata 

w*  ich  show  the  absolute  judgment  s as  a function  ol  presented  ire-qiniuy. 


' I , : r • -eiuency  as  s i tie  i I a t i ejn  will  t.  Ii  etc  e ur  re  el  uttel  e r ’ tie  ; de-nt  a 


' i ' ' . e ' ' t 1 ettl 
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r 


will  also  be  presented  for  each  measure. 

Correlation  measure:  Intentional  learning.  i'lie  mean  correlations 

tor  each  of  the  two  trials  for  each  of  the  10  conditions  having  in- 
tentional learning  are  shown  in  Table  4.  The  10  conditions  are  placed 
1 to  correspond  to  the  listing  in  Table  3,  and  Condition  FORD  is  included 

lor  comparison  purposes.  The  results  in  Table  4 will  be  examined  lrom 
several  different  approaches. 

1.  The  first  evident  fact  is  that  the  relationship  between 
true  frequency  and  estimated  relative  frequency  is  substantial  in  all 
conditions.  The  lowes’t  correlation  in  the  table  is  .76  (Trial  1, 

Condition  FR-OD) . Thus,  in  ail  of  these  intentional  Learning  condi- 
tions the  subjects  showed  high  sensitivity  to  frequency  differences. 

As  the  number  of  intentional  tasks  increased,  there  appears  to  have 
been  a small  decrease  in  the  magnitude  ot  the  correlations,  but  there 
are  irregularities  in  this  relat ionship . The  evidence  is  given  by 
Liu  four  conditions  in  the  middle  column  of  Table  4. 

2.  A second  noteworthy  fact  is  the  small  increase  which  occurs 
between  Trial  1 and  Trial  2.  Indeed,  in  some  cases  there  are  small 
decrements.  Performance  increases  reliably  (£  - .01)  tor  only  four 
condition;  (F-ORlJ,  FD-OR,  FD , F-*D). 

5.  there  is  an  inverse  relationship  between  the  number  of  in- 
i identul  tasks  and  performance.  This  is  shown  most  clearly  by  the 
increase  in  correlat  ions  from  Conditions  F-ORD  to  F-R  and  F-D  to  F. 
lie  comparisons  b'twi  < n FR-OD  and  FR , and  betwi  eti  FD-OR  and  FD  also 

I A 


4b 


show  a small  negative  toll  lor  llio  incidental  tasks. 

4.  Task  R (company  nanus)  is  tin  major  task  which  governs  the 
performance  on  Task  1.  This  is  quite  evident  when  Task  R is  an  inten- 
tional task.  There  an  several  illustrations.  Performance  under 
Condition  FR-01)  is  no  better  than  under  Condition  FORD  and  is  poorei 
than  under  Condition  FD-OR.  The  differences  in  the  mean  correlations 
between  Conditions  FD  and  either  FR  or  FRD  are  highly  reliable  ( j_>  - .01) 
To  state  the  generalisation,  we  may  say  that  Task  L)  (involving  tlu 
trait ic  signs)  as  an  intentional  task  had  relatively  little  c-flect  on 
1 requency  assimilation  whereas  Task  R did.  Nevertheless,  even  thi 
relatively  small  ellects  of  Task  D are  statistically  reliable;  e . g . , 

1 versus  FD  tju  .01).  There  are  even  some  suggestions  in  the'  data 
that  Task  R as  an  incidental  task  disturbs  frequency  assimilation 
inor>  than  dens  task  D when  it  is  an  incidental  task,  (F-R  vs  F-D), 
but  the  difference  is  met  reliable  statistically.  The  fact  that  per- 
formance is  better  under  Condition  f than  under  any  other  condition 
indicates  that  t li  • ■ presence-  eif  any  other  material,  whether  to  be 
learned  eir  not,  produces  at  least  a small  decrement. 

b.  Task  0 (represented  by  the  seven  street  names)  had  no  influence 


a.  an  i nc  id 


Je  iual  task  on  I re  qut-ncy  judgment;  . This  c an  he  se  e n by 


examining  the  data  tor  tlu  live  conditions  in  the  lirst  column  or  by 
the  d rat  comparison  e 1 1 Conditions  KRD-0  and  FRD 

All  conditions  having  two  or  more  intentional  conditions  were'  e - 
a netl  for  possible  .fiee'  of  length  oi  the  re-tent  ion  interval.  As 


a . .nte  I earlier,  the  pc  r formance  on  Task  F under  Corn!  it  ion  FORD  d id 


Table  4 


The  values 


Condition 
F-ORD 
FR-OD 
FD-OR 
FRO  -0 
FORD 


1 

Intentional  Frequency  Assimilation  (Task  F) 
are  mean  correlations  (decimals  omitted)  for  each  ot  the  two  trials. 


. 1 

Tr.  2 

Condit ion 

Tr  1 

Tr.  2 

83 

89 

F 

94 

95 

76 

77 

FR 

81 

82 

83 

88 

FD 

89 

92 

82 

78 

FRD 

82 

78 

81 

74 

Cond i t ion 

Tr  . 1 

Tr  . 

F-K 

89 

88 

F-D 

90 

94 

I 


1 

J 
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not  change  reliably  across  three  retention  intervals.  Among  the 
remaining  six  conditions,  only  Condition  FD-OR  produced  a reliable 
cl-  age  (£  = .01)  associated  with  the  two  retention  intervals.  When 
the  frequency  judgments  constituted  the  first  test,  the  correlation 
was  .89,  but  fell  to  .81  when  preceded  by  the  recognition  test. 

Hhere  was  no  interaction  with  trials.  We  have  no  accounting  for  the 
results  of  this  isolated  case. 

Correlation  measure:  Incidental  learning.  There  were  five  condi- 

tions in  which  the  incidental  acquisition  of  frequency  information 
was  measured  following  the  second  test  trial  on  the  material  given  lor 
intentional  learning.  Correlations  were  calculated  between  true  and 
estimated  frequency.  The  five  conditions  and  the  correlations  were: 
R-FOD,  .50;  R1)-F0,  .53,  R-F,  .62;  D-FOR,  .66;  1)-F,  .71.  All  of  the 
correlations  are  below  any  of  those  given  in  Table  4 intentional 
learning,  but.  all  nonetheless  indicate  a clear  relationship  between 
true  and  judged  frequency.  For  the  five  conditions  in  the  order  given 
above,  there  were  only  2,  4,  2,  0,  and  0 subjects  showing  negative 
c orr  e 1 at  ions  . The  lowest  mean  correlation  differs  reliably  (.£  = .01) 

1 rom  the  two  highest,  but  the  second  lowest  differs  only  from  the 
highest.  Looking  at  the  conditions  involved,  it  appears  that  the 
common  factor  influencing  the  relationship  is  the  nature  of  the  in- 
tentional task.  Relatively  low  incidental  acquisition  occurs  when 
lask  R is  an  intentional  task,  and  relatively  high  correlations  occur 
when  Task  0 is  the  intentional  task.  The  result  for  Condition  R-F 


is  somewhat  ambiguous  wilh  regard  to  the  principle,  but  since  a corre- 


bti 

spotul  ing  dil  lerent  ial  effect  ol  1’ask  K and  task  1)  mi  lank  1 was  ’ouiid 
for  intentional  learning,  tin  generality  seems  reasonably  suiui. 

Raw  measure-:  ho  ^ ti  t iuna  1 1 earning . As  we  liavt  said  istrlie-r, 

there  is  no  reason  to  believe  that  llie  correlation  measure  should 
relief  t any  thing  diiierent  from  that  shown  by  the  raw  measure.  I In 
correlations  merely  provide  a simple  way  oi  deriving  a slope  iiuasuii 
lor  each  aibjef  t . It  will  be  remembered  that  in  Condition  IDRU  tin 
mean  judgments  increased  a small  amount  1 root  trial  ! to  Trial  1*  and 

tin  amount  was  indi  p shut  ol  true  lrei|uency.  A sinilai  bnul  ■ itu  i e.. 

was  observed  tor  several  ol  Lite  other  conditions,  but  not  tor  aM, 
and  there  seemed  to  bo  no  n.isu1'  lor  this  lack  of  consistency.  tin 
i iu  re.i.-e  (when  'L  occurred)  could  not  be  interpreted  as  an  improVei  >0 
in  mi  toma/ics  b 1 1 .in;  llu  loj><  did  not  change  . A i hangc  'rum 
1 to  iii.il  1 which  would  indicate  an  increase  in  the  s tone  would  !> 
given  by  the  trial  X tl.queucy  interaction  i 1 , at  tin  c title  L 1 1 >•  . 

'll  gh  - 1 requeue  items  showed  an  i lie  l e tse  In  judged  frequency,  e>'  o', 

* requeue.  y item  show. d a de-cisase  In  judg'd  lreqmncy,  |>»  belli1. 

Will  be  t'lltel'ib.  led  that  of  the  c J'ld  t t I ellts  g 1 Veil  II  table  4,  tent  I ■ ■ . e < > 

a is  liable  tne  r>  a a-  in  Lin.  correlations  between  Trails  ! and  2 . ’ ’ss, 

pis  uiably,  tel  hit  n,  e iharpc-ning  oi  Lin  relationship  ootv-c  en 
i1  I judged  frequency  An  < x .in  ination  oL  the-  raw  judgment  e ..hov  el 
t it  the  trial  X liee,uiiee>  interact  ion  was  re  liable  < n 01)  ic.» 
three  conditions  and  tin  sc  were  tin  • ol  the  lour  condit  ions  wh  1 ’> 
showed  an  increase  in  tin  correlations  bet w en  1'ria'  I and  I’.  1 2 
s t a i lure  ot  a 'match’  'or  the  two  response  incusuios  oi  ettrr  e>: 
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Condition  FD,  and  no  reason  lor  this  la i lure  has  been  bound. 

For  plotting  purposes,  we  have  combined  the  two  trials  and  have  asked 
about  the  influence  of  number  of  intentional  tasks  on  the  judgments.  This 
allows  all  conditions  to  be  represented,  alLhough  it  ignores  the  number  of 
incidental  tasks  which  accompanied  t lie  intentional  tasks.  The  conditions 
combined  were  as  follows: 

1.  Intentional  Task:  F-ORD,  F,  F-R,  F-D 

2.  Intentional  Tasks:  FR-OL),  FD-OR,  FR,  FL) 

3.  Intentional  Tasks:  FRD-O,  FRU 

4.  Intentional  Tasks:  FORD  (using  12b  Subjects) 

Figure  4 shows  that  for  all  sets  of  conditions  the  usual  overesti- 
mat ion  of  low-frequency  items  and  the  underestimation  of  high  frequency 
items  was  present.  When  Task  F was  the  only  intentional  task,  the 
relationship  between  true  and  judged  trequency  was  almost  perfectly 
linear,  whereas  for  the  other  conditions  the  sharp  rise  in  the  judg- 
ments between  frequencies  one  and  litre.  disturbed  the  linearity.  As 
would  be  anticipated  from  the  relatively  small  differences  among  the 
correlations  in  Table  4,  the  differences  m tin  slopes  of  the  curves 
were  not  great.  The  number  ol  intenLional  tasks  does  appear  to  have 
influenced  the  slopes,  although  the  reversal  implied  between  the  two 
lower  lines  would  not  have  been  anticipated  by  the  correlational  evi 
deuce,  nor  does  it  make  any  sense.  Still,  the  point  we  emphasize  is 
the  strong  relationship  between  true  frequency  and  judged  frequency  for 


all  intentional  learning  conditions. 


Raw  nu.iauri  Incidental  1 i'jiii  i rie  . Che*  e or re  1 a L i ona 1 data  have 

e-learly  indicated  that  intentional  atn>  imi 1 at  ion  ol  lrcquency  intorma- 
tjon  was  ! jr  superior  to  incidental  assimilation.  W.  may  now  examine 
the  raw  j ud  ..me  nt  s to  obtain  a more  detai  led  picture  ol  the  nature  ol 
tht  d i 1 eii-nces  It  wall  be  remembered  that  incidental  learning  was 
me. i urod  only  once  lor  each  condition,  this  measurement  coming  alter 
two  exposure,  ol  each  slide.  there  I ore , Liu  most  appropriate  compai  i 
sou  with  intentional  learning  would  be  on  the  second  test  Liial  loi 
the  intentional  task  liu  data  lor  two  intentional  conditions  have 
been  chosen,  Lhose  l cow  Condition  I1  and  iroin  Condit  ion  KURD.  lor  the 
incidental  learning,  we  have  chosen  to  combine  the-  two  conditions  pro- 
ducing tin  poorest  periormanct  (a  judged  by  tlu  correlational  measure 
ind  to  combine'  the  two  conditions  producing  Lite  best  incidental  per- 
formance-. ihe  feirmei  eonelitions  are  R-I'OD  and  Kl)-iO,  the’  latter,  )-! 
and  L)  - FOR  Hu  results  are  shown  in  Figure  10.  The  performance  under 
Condition  F on  thee  second  trial  was  almost  perfect  in  the  sense  that 
tin  mean  judved  performance-  at  each  1 requt-ncy  1 eve  1 was  'most  e<|uiva 
lent  to  the  true  frequency.  Chore-  is  only  a slighL  overest  i.malion  at 
the  low  frequencies  and  nily  a slight  underestimation  at  the  hip: 
t requeue  ie-s  . The  dit  ten-net  in  the  precision  of  the  res:  ts  lor  this 
condition  and  Condition  CORD  is  quite  obvious.  Still,  tie  pi  r 1 ori  vn . 
under  Condition  FORI)  was  tar  better  than  that  under  the  conditions 
producing  tlu  lu  st  incide  ntal  learning.  However  viewee  , it  s e c . e e ■ e f 
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that  under  the  conditions  of  the  present  study  the  acquisition  01  fre- 
quency information  under  all  intentional  conditions  was  far  beLter 
than  the  acquisition  under  incidental  conditions. 

Simanary  1.  The  differences  in  frequency  assimilation  under  all 
intentional  learning  conditions  were  relatively  small.  1l  is  true 
that  L h c r i were  differences  that  were  highly  reliable  statistically, 
but  even  in  the  conditions  in  which  performance  was  poorest  the  corre- 
lative relationship  approximated  .80.  Clearly,  the  number  of  inten- 
tional tasks  influenced  performance,  as  exemplified  by  the  differences 
between  conditions  F and  FORD  in  Figure  10,  but  Lhe  frequency  know- 
ledge which  deve  loped  in  Condition  FORD  was  still  very  substantial. 

Li  is  quite  possible  to  argue  that  psychologically  the  difference  in 
frequency  information  implied  by  correlations  of  .80  and  .95  is  lar 
greater  than  implied  by  the  numerical  difference.  In  spite  of  these 
counter  arguments,  we  will  still  maintain  that  the  number  of  different 
intentional  tasks  was  a relatively  minor  variable. 

As  a matter  related  to  the  first,  we  should  indicate  that 
the  I i queue . judgments  were  in  general  degraded  more  when  Task  R 
1 1 so  an  intentional  task  than  when  Task  D was  intentional.  In 
laet.  lack  i)  had  very  little  eltect,  and,  as  will  be  shown  later, 
i . i ■ was  not  heavily  influenced  by  the  intentional  learning  oj 

\t  tin  moment , there  is  no  evidence  Lo  deny  the  possi- 
1 1 , tli.ii  .In.  i ist  K was  an  intent  tonal  task  it  merely  absorbed 
n ri  .1  the  .tudy  t im.  than  did  1’ask  D and  therefore  removed  this 
t i , i roii  In  mg  .pi  i t on  studying  frequency  relationships. 


i.  lu  contradiction  to  other  studies  ( FI  t >.  er  a Bower  , 1 ‘J  / ' > , 

Rose  4*  Rowe,  1 9 76) t ! requeue v assimilation  was  poorer  under  incidental 
conditions  than  under  intentional  conditions.  However,  tin  dill  creme, 
among  the  method,  u!  Liu  various  experiments  are  so  marked  that  any 
serious  attempt  to  n tl  f Terences  would  be  futile.  It 

might  be  sug.-.i  it  id  that  under  Liu  present  incidental  conditions  tlu 
subjects  may  not  have  pi  rceived  some  ol  Lhe  state  rallies  j n a im  ailing 
SeliSe.  1-hat  is,  i t might  be  suggested  that  a subject  could  detect 
that  a word  on  a ;1  idt  w.i  a state  name  without  knowing  which  siati 
name  it  was.  Such  a selection  could  bi  made  by  using  tlu  orthography 
as  a distinguishing  cue  tor  words  occurring  alone.  Thus,  the  singK 
words  presented  as  ,t  part  ol  Task  l)  Were  all  in  upper  case  letters, 
with  Lhe  state  names  in  Lower  case  except  tor  the  first  litter.  lln 
question  is,  of  course,  whether  this  disc  r imxnal  ion  was  mad i without 
also  identity ing  tin  particular  state  name,  and  we  do  not  know  the 
answer  to  this  question. 

< )f  d entiy;  Task 

it  will  be  recalled  that  lor  this  task  the  subjects  Were  askid  to 
order  Seven  names  ui  streets  which  had  occurred  on  slides  2 , 6,  10, 

In,  17,  20  and  L i.  Only  in  Condition  FORI)  did  this  task  occur  as  an 
intentional  task,  and  as  reported  earlier,  the  mean  mrri  lations  In 
twi.n  judged  ordet  and  true  order  were  .47  and  .89  t or  Trials  1 and 
.' , respectively.  i here  were  seven  conditions  in  which  Task  0 was 
tested  as  an  im  idental  task  (left  column,  lab  1 1 3).  flic  mean  corre- 
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seven  values  were  not  reliable  < Jy  1.411, 
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but  Liu.;  mean  (.18)  tor  the  252  subjects  as  a group  was  significantly 
greater  than  zero  (F  - 25.47).  Wt  will  not  dwell  on  these  nsults, 
since  this  task  has  not  entered  into  the  intentional  learning  manipu- 
lations. As  is  obvious,  a minimal  amount  ot  learning  occurred  inci- 
dentally, far  below  Lhat  shown  under  the  intentional  learning  which 
occurred  at  the  same  time  that  three  other  tasks  were  being  learned 
(Condition  FORD), 

Recal  1 

The  basic  variables  manipulated  in  the  recall  (Task  K)  of  the  .10 
two-word  company  names  will  be  reviewed.  First,  there  was  the  spacing 
variable  which  had  three  levels  (0,  1,  and  1).  All  company  names  were 

presented  twice.  With  0 spacing,  Lhe  two  occurrences  were  on  the  same 
slide;  with  spacing  1,  the  Lwo  occurrences  were  on  adjacent  slides, 
and  with  spacing  j,  the  second  occurrence  was  on  the  third  slide 
tol  lowing  tlu  sl  ide  of  lirst  occurrence.  Second,  there  was  the  Sanie- 
llilierent  variable,  referring  to  the  same  or  different  spatial  loca- 
t ion  ol  thi  two  occurrences  on  the  slides  Third,  when  there  were 
two  or  more  intent ional  tasks,  there  were  retention  intervals  ol 
di I It  rent  durations.  There  were  lwo  or  more  intentional  tasks  in 
..even  d i t ten  ni  conditions.  Fourth,  there  were  two  trials,  and  fifth, 
im  id  nt  a 1 ret  all  was  measured  for  live  conditions. 

As  an  initial  step  in  the  data  reduction  lor  the  10  conditions 
involving  intentional  learning,  an  analysis  of  variance  was  performed 
on  each  o i the  10  conditions  separately.  bach  condition  showed  a 
signilicant  (j)  - .001)  improvement  in  recall  irom  Trial  1 to  Trial  2; 
i .nh  condition  showed  a significant  spacing  effect  (j>  - .001).  None 
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ui  l he  seven  fund  1 1 ions  having  ditUivuL  retention  intervals  showed 
that  the  interval  was  a re 1 ■ ■ van  L vur  i ab  I > 11  u Same  -I)  i ! 1 > r >■  n t v.ni.i- 

b 1 1 had  1 neons  is  l eiit  e l 1 ec  t s statistically,  as  will  be  shown  at  t lu 
appropriate  tine.  Mom  ot  the  1C  conditions  produced  inn  r.n  t ions 
between  variables  winch  r ached  tin  .01  signi 1 icanct  level.  Mie  up- 
shot  ot  t hem.  initial  analyses  is  that  Ih.  retention  interval  and 
trial  c 1 I ec  t s need  not  enter  into  1 nr  L her  discussion.  I litis  , the  in.  i jor 
it  tent  ion  will  be  given  to  tin  spacing  variable,  i lie  Same  Uitten.nl 
variable,  tin  number  ot  intentional  tasks,  md  tin  number  ot  in.  ,'J.  nt  a ! 
tasks.  Although  all  statistical  analyses  were  periormed  on  i aw  ra a ! 1 
scores,  Liu  va  I in.  II  J in  table,  and  figures  arc  percent  recall  ol 
Lota ! poss ib 1 e . 

Numb  t - ol  intent  ioi incidental  1 asl  s We  will  1 irst  < .... 

the  intlueme  ol  number  ol  other  intentional  tasks  on  overall  recall 
wn  in  Tab  wl  er«  ltd  i t ions  are  tligitcd 

■ air  i is  [ u . > r 1 1 s pond  to  tin  listing  in  lab  1 1 1 , and  ag.i  i u w-  have 

included  tin  r.suli  . Lor  Condition  I’OKl).  As  might  be  .xpected,  maxi 
mum  r.-call  occurred  unde  r Condition  . I'here  art  some  variat  ions  aino 
conditions  which  cannot  be  accepted  by  any  sensible  considerations 
I'ln-rt  is  no  reason  why  Condition  iRi.'-c  should  have  produced  slightly 
better  recall  than  Condition  RD-01',  nor  is  there  any  reason  why  Con 
d it  ion  KKD-i)  hould  yield  better  recall  (£  .01)  than  Condition  I Ho 

We  can  only  presume  that  sampling  variations  urn  involved  and  ihat 
among  these  several  roml  ’ lions  recall  is  es.etaiallv  an  i va  1 1 io 
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Even  a casual,  examination  of  Table  5 would  show  that  recall  is  in- 
versely related  to  the  number  of  intentional  tasks.  Using  all  of  the  data 
in  Table  5,  the  11  conditions  may  be  combined  into  four  groups  to  show  the 
relationship  between  recall  and  0,  1,  2,  and  3 other  intentional  tasks, 
ignoring  the  number  of  incidental  tasks.  The  groupings  are:  0 (R-1'OD, 

R,  R-E,  R-D) ; 1 (ER-OD,  RD-OF,  FR,  FD)  ; 2 (FRD,  FRD-0)  and  3 (FORD). 

The  outcome  is  seen  in  Figure  11  which  shows  that  performance  decreases 
regularly  as  the  number  of  intentional  learning  tasks  increases,  although 
the  largest  decrease  occurred  between  0 and  1 intentional  tasks. 

In  contrast,  several  comparisons  in  Table  5 show  that  the  number  of 
incidental  tasks  had  a minor  influence  on  recall.  Conditions  R,  R-F  and 
R-l)  combined,  and  R - FORD  in  order  represent  0,  1 and  3 incidental  tasks, 
witli  corresponding  recall  values  of  47.2,  44.0,  arid  35.4  4,  or  a decrement 
oi  about  10/.  On  the  other  hand,  Conditons  FR  and  FR-OD  did  not  result 
in  a difference  in  recall,  nor  did  RF)  and  RD-OF.  In  both  cases,  the 
comparison  represents  0 versus  2 incidental  tasks. 

For  the  results  of  the  frequency  judgments  presented  in  an  earlier 
section.  Task  R as  an  intentional  task  degraded  the  judgments  more  than 
did  task  D.  For  the  recall,  there  is  no  consistent  evidence  that  the 
nature  of  the  other  intentional  tasks  (Task  F or  Task  D)  differed  in 
their  influence  on  recall.  Conditions  R-F  and  R-D  did  not  produce  reliable 
d i 1 t eteuces  in  recall,  and  neither  did  Conditions  FR-OD  and  RD-OF. 

The  spacing  effect.  The  percent  recall  (both  trials  combined)  for 


each  ol  the  II  conditions  at  each  spacing  level  is  shown  in  Table  b. 


As  noted  earlier,  lor 
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each  condit  on  Lin  effect  ol  spacing  was  highly 
reliable  (jj  = .001)  For  all  11  conditions,  performance  increased  sharply 
between  spacing  levels  0 and  1,  and  in  y ol  the  11  conditions,  performance 
continued  to  improve  between  spacing  levels  1 and  3.  As  described  earlier, 
none  of  tin  condition:,  showed  an  interaction  between  spacing  and  trial:, 
in  spite  ol  the  tact  that  it  might  seem  that  the  massed  property  ol  a 
spacing  ol  zero  would  be  lost  over  two  trials.  The  exception  occurred 
fur  Condition  FORD  (figure  4)  in  which  it  was  found  that  the  interaction 
between  trials  and  spacing  was  highly  reliable,  and  it  occurred  with  all 
three  replications  when  tested  separately.  However , the  interactions  ior 
Condition  FORD  indicated  that  the  spacing  variable  was  more  potent  on  Lin 
second  trial  than  on  the  tirst.  We  have  not  been  able  to  find  a reason 
lor  this  discrepancy  between  Condition  FORD  and  the  other  10  conditions 
which  Is  ■ ornpletc  1 y consistent  across  ail  conditions. 

1 • n.is  nitudi  ot  the  spacing  cflect  has  been  examined  in  conjunction 
w • Lh  tl  n i'V  . i r i ib  lc  , and  the  striking,  fact  is  the  constancy  ol  its 
m. i . fide . let  example,  the  number  ol  other  intentional  tasks  has  lilt  I « 
effect . the  change  in  performance  b»  twe  on  spacing  0 and  spacing  l be i ng 
t r i i 10-  ’ 2, 7 when  groups  are  combined  in  the  manner  used  to  construct 
Kignn  11.  ^n  interaction  with  the  Dame -Different  variable  occurred  only 
fur  Condition  FORD . 

Same  -Pitt  ere  lit  . The  results  for  t hi  spacing  variable  indicated  a 
phenomenon  of  great  probity.  In  contrast,  tin  Dame -Different  man! point  ion 
produced  results  which,  at  Least  s tat  is t ica  1 1 y , seem  to  be  immune  to 
rationalisation  ! t will  In-  remembered  that  a statist  ica ) analysis  was 
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performed  on  each  condition  initially.  Although  10  of  the  11  conditions 
showed  that  recall  was  better  when  the  company  names  had  a constant 
(Same)  spatial  position  on  the  slides  on  the  two  occurrences  than  when 
they  occupied  different  spatial  positions,  the  magnitude  of  the  effect 
was  extremely  variable.  At  one  extreme  (Condition  R-FOD)  the  difference 
yielded  £ = .001,  while  aL  the  other  extreme  (Condition  FORD),  £ = .26. 
Only  Condition  R-F  showed  that  Different  resulted  in  slightly  better  re- 
call than  did  Same,  but  its  companion  condition  (Condition  R-D)  showed 
the  opposite  effect  <.£  = .003).  Only  Condition  FORD  showed  an  interaction 
with  spacing  (Figure  5).  No  condition  produced  a reliable  (£  = .01) 
interaction  with  trials.  Across  the  11  conditions  the  average  of  the  two 
trials  was  33.3/!,,  for  Lhe  Same  condition,  and  29.1  "L  for  the  Different 
condition.  The  maximum  difference  observed  for  any  condition  was  7 . 0/. 
(Condition  R-D) . 

It  wouLd  appear  that  the  most  conservative  conclusion  is  that  we  are 
dealing  with  a variable  that  has  a small  effect  on  recall,  and  that  the 
differences  seen  among  conditions  represent  sampling  variations  around 
llie  true  mean.  Nevertheless,  it  should  be  noted  that  the  conclusion  that 
a constant  spatial  position  gives  better  recall  than  a variable  spatial 
position  is  consistent  with  other  findings  (e.g.,  Sohn,  1967). 

Incidental  learning.  In  spite  of  the  fact  that  incidental  recall 
was  very  low,  the  data  proved  to  be  related  systematically  to  the  inde- 
pendent variables.  The  percent  recall  for  the  five  incidental  conditions 
was  : FD-OR,  3.67.;  F ORD,  5.6%;  D-FOR,  6.0%;  F-R,  8.1%;  D-R,  8.3%. 
Application  of  statistical  tests  may  be  questioned  because  of  a large 
number  of  zero  entries.  Nevertheless,  for  what  it  is  worth,  the  F among 
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the  conditions  was  highly  reliable  (£  = .01).  The  scores  sort  ttaemse  I vis 
into  three  levels  (FD-OR,  F-ORD  and  D-FOR,  F-R  and  D-R)  . These  three 
levels  indicate  that  both  number  oi  intentional  tasks  and  number  ol  in- 
cidental tasks  influenced  incidental  recall.  Recall  is  poorer  with  three 
incidental  tasks  than  with  one,  and  with  two  intentional  tasks,  performance 
is  poorer  than  with  one. 

Without  exception,  for  each  condition,  performance  increased  as  spacing 
increased,  and  performance  was  better  under  the  Same  condition  titan  under 
the  Different  condition.  We  have  combined  the  five  conditions  in  Figure 
12  as  a means  of  demonstrating  the  orderly  character  of  the  data.  The 
tact  that  the  spacing  variable  is  effective  even  under  incidental  conditions 
has  been  demonstrated  by  other  investigators  (e.g,,  Shaughm  :.sy , ID7>).  So 

tar  as  We  know,  no  previous  study  has  evaluated  the  efiect  ol  tin.  Same- 
Different  variable  under  incidental  conditions. 

Mi  see  l Lancous  . in  a previous  section,  recal  1 was  examined  as  a 
function  oi  the  position  of  the  items  in  the  study  list  and  as  a function 
of  the  retention  interval  tor  Condition  I'dRD  (figure  b) . Essentially  lie 
>ame  results  were  found  for  Condition  FRD-O  and  FRI) . That  is,  .'lU'ium  1 
the  retention  interval  was  not  a significant  source  of  variation,  pos i l ion 
was.  Recency  effects  were  noted  on  the  lirst  recall  trial,  with  both 
primacy  and  recency  effects  on  tlu  second  test  trial.  A similar  Meet 
was  found  with  conditions  having  two  intentional  tasks  thence  tw  reten- 
tion intervals).  With  only  a single  intentional  task,  the  position  < fleets 


followed  the  same  patterr  but  Were  much  more  marked. 


Same 


I 1 ■ - 

0 1 3 

Spacing 

Figure  12.  Percent  incidental  recall  as  a function  of  spacing  and  the 
Same-Different  variable. 
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A major  concern  has  been  with  recall  when  from  one  to  three  other 
tasks  were  being  acquired  simultaneously.  It  might  be  expected  that  item 
difficulty  could  be  changed  appreciably  as  the  amount  of  other  material 
on  the  slide  varied.  Thus,  any  item  that  is  relatively  easy  when  presented 
alone  for  learning  might  possibly  become  relatively  difficult  when  occur- 
ring on  a slide  in  which  there  were  state  names,  traffic  signs,  and  street 
names.  This  seems  not  to  have  been  the  case.  We  determined  the  number 
of  times  each  company  name  was  recalled  when  summed  across  the  three  forms 
(in  order  to  minimise  position  effects).  This  was  done  for  Condition 
FORD  and  for  Conditions  R,  R-F,  and  R-D  combined.  Condition  FORD  represents 
a "cluttered"  series  of  slides,  the  other  three  conditions  a relatively 
uncluttered  series  of  slides.  The  correlation  between  the  two  distributions 
of  30  scores  was  .90.  Clearly,  an  item's  difficulty  seems  to  be  based 
largely  on  something  quite  apart  from  the  context  in  which  it  is  presented. 

Summary . 1.  We  have  found,  not  unexpectedly,  that  recall  of  two- 

word  company  names  decreased  directly  as  Lhe  number  of  other  tasks  being 
learned  increased.  The  variation  extended  from  477o  when  only  items  for 
recall  were  presented,  to  19%  when  three  other  tasks  were  being  learned 
s irnu  ltaneous  ly  . 

2.  The  effects  of  number  and  type  of  incidentally  presented  tasks 
on  intentional  recall  were  small. 

3.  Spacing  effects  were  found  under  all  conditions,  including  inci- 
nt.il  learning.  These  effects  appear  to  be  universal. 

. . Hie  Same -Different  variable  had  a small  effect  overall  but  the 

tried  considerably  and  unsystematically  from  condition  to  con- 
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There  were  three  classes  of  items  inc  ludeti  on  t In  recognition  test 
(Task  D),  namely,  12  traffic  signs  which  occurred  once  on  each  ol  the 
study  trials;  12  signs  l'or  which  the  two  words  had  appeared  on  different 
slides  on  the  study  trials,  and  8 signs  which  appeared  as  new  signs  on  Lite 
test  trials.  rile  subject  made  YliS-NO  decisions  On  tie  test  as  to  win  tlu  1 
the  two-word  signs  had  or  had  not  appeared  as  intact  signs  on  tlu 
trials.  When  the  two  words  constituting  a sign  were  separated  on  t '■ 
study  i rials,  the  second  word  occurred  on  the  1st,  2nd  or  it  i.  lid.  • * 

ing  the  one  on  which  the  first  word  occurred. 

The.  recognition  results  will  be  organ  i /.eel  around  two  nu  asm  • :• 
as  a measure  of  sensitivity  or  disc rimi nab i 1 ity , the  sum  ol  tlu  a 
old  items  and  false  alarms  on  new  items  was  used.  The  second  . .e  ut  • 
simply  consisted  ol  the  false  alarms  on  the  separated  1 1 « ms , but  to  a . • • 
meaningfully  the  frequency  ol  these  lalsc  alarms,  l lie  lrequeiicy  ol  la!.-, 
i l arms  oil  the  new  signs  was  used  as  a control  . 

When  two  or  more  intentional  tasks  were  given  the  subject,  retention 
inte  rvals  varied  in  length.  But,  as  has  been  true  lor  the'  eiliu  r task'  . 
task  D showed  no  systematic  changes  as  a limit  ion  ol  the  length  ol  the 
retention  interval  aid  so  this  variable  will  not  enter  into  the  results 
evh  i e h i o 1 low 

Mi  sses  pin:.  1 ,i  I . , e-  alarms.  The  performance  on  each  trial  lor  the  11 
condition:  is  shown  in  table  7.  Among  the  11  condition:.,  fewest  errors 

occurred  «<»i  konditi  Vi  D (as  might  be  expected)  . it.  is,  perhaps,  somewhat 


Table  7 


Coiid  i t ion 


Recognition  as  Measured  by  Misses  Plus  False  Alarms 
( lhe  entries  are  percent  errors) 

F ri  a 1 Fie  a n C.und  i t ion  Tr  ia  1 Mean  Cond  i t ion  Trial 


63 


d 


f 

surprising  that  there  were  any  errors  at  all  on  this  condition  on  the  second 
trial.  The  subjects  were  allowed  20  seconds  for  each  slide,  and  across  the 
24  slides  there  were  12  intact  signs  which  occurred  once  on  each  trial. 
Still,  on  the  second  trial  there  were  8 . 3%  misses  on  these  12  items  (about 
one  item),  although  the  false  alarms  were  near  zero.  We  suspect  that  this 
rather  poor  performance  was  not  due  entirely  to  the  attempts  by  the  subjects 
to  be  sure  and  remember  the  separated  signs.  We  suspect  that  the  long  ex- 
posure periods  for  the  single  task  is  very  ineffective  programming  if  we 
ask  about  the  amount  learned  per  unit  of  time.  This  matter  will  receive 
more  attention  in  later  experiments. 

The  data  of  Table  7 show  clearly  that  the  performance  decreased  as 
the  number  of  intentional  tasks  increased  (ignoring  the  number  of  incidental 
tasks).  The  increase  in  errors  was  not  large,  but  it  was  fairly  consistent. 
When  only  Test  D was  an  intentional  task  (Conditions  D-FDR,  D,  D-F,  D-R), 
there  were  11.07,,  errors  across  the  two  trials.  With  one  additional  inten- 
tional task  beyond  Task  l)  (Conditions  FD-OR,  RD-FO,  FD , RU),  the  value  was 
15.67,.  When  two  additional  tasks  were  being  learned  (Conditions  FRD-0  and 
FRD)  the  errors  averaged  18.1%,  which  is  only  slightly  less  than  for  Condi- 
tion FORD.  The  increase  in  errors  as  a function  of  the  number  of  other  in- 
tentional tasks  occurred  for  both  the  misses  and  for  the  false  alarms. 

Thus,  the  discr iminability  between  old  and  new  items  decreased  as  the  number 
of  intentional  tasks  increased,  and  this  must  be  due  to  a lower  level  of 
learning  for  the  old  items  as  the  number  of  intentional  tasks  increased. 

Although  we  will  not  present  data,  we  can  report  that  we  were  unable 
to  find  differences  in  the  criteria  for  responding  among  the  various  condi- 
t ions . 
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The  evidence  indicated  that  when  Task  R (recall)  occurred  as  an  in- 
tentional task  with  Task  F (frequency  judgments),  periorniance  on  Task  !•' 
was  poorer  than  if  Task  D was  an  additional  intentional  task.  The  present 
data  are  not  consistent  on  this  matter.  That  is,  they  do  not  tell  us 
clear  ly  whether  Task  H as  an  intentional  task  along  with  Task  1)  produced 
poorer  performance  on  Task  l)  than  did  Task  F as  an  additional  task.  A 
comparison  between  Conditions  FI)  and  RL)  indicates  Lhal  Task  K had  a more 
potent  negative  effect  than  did  Task  F (p  - .Of),  but  Lhis  rs  not  supported 
by  the  comparison  between  FD-UR  and  RD-FO  (p  - .07).  iL  might  be  suggested 
that  the  Lack  oi  a diflerencc  for  this  latter  comparison  is  due  to  the  l.at 
that  Task  R occurred  as  an  incidental  task  in  Condition  FL)-OR  and  produced 
a more  severe  decrease  as  an  incidental  task  than  did  Task  F.  .Such  a conclu- 
sion is  denied  by  other  data  (Condition  U-F  versus  D-U)  . in  lad,  however, 
the  role  oi  the  incidental  tasks  was  not  completely  clear.  Generally  speak- 
ing, tlie  presence  oi  incidental  tasks  did  increase  recognition  errors,  but 
the  reliability  ol  tin  increase  is  evident  in  only  one  comparison  (FI)  versus 
!'L)-OR)  The  difference  between  Conditions  L>  and  D-FOR  is  unreliable,  hut 
there  is  a trial  by  condition  interaction  (p  - .002)  which  (as  may  be  seen 
in  Table  7)  indicates  a stable  difference  on  the  tir.st  trial.  The:  appro- 
priate conclusion,  viewing  Lhe  data  overall,  Is  that  the  incidental  tasks 
have  at  best  only  a small  effect  on  recognition  performance. 

incidental  recogn it  ion.  Incidental  recognition  measures  were  avail- 
able lor  five  conditions.  The  percent  errors  (misses  plus  false  alarms  on 
new  items)  on  these  conditions  were  as  follows:  F-L),  ltt.A/i;  K-0,  22.2/; 

K-FOL),  23.0/,;  F-ORI),  23.0/;  FR-OD , 27. A/..  The.  differences  among  Lin  live 
conditions  was  of  borderline  statistical  reliability  (p  - .03),  md , as  has 
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been  our  policy,  we  have  chosen  not  to  concern  ourselves  with  such  differences. 

An  examination  of  Table  7 will  show  that  the  poorest  performance 
after  two  intentional  study  trials  occurred  for  Condition  FRD-0  (17.5%), 
a value  which  is  just  slightly  below  that  shown  for  the  condition  (F-D) 
resulting  in  the  best  incidental  performance  (18.4%,).  This  means,  of 
course,  that  for  all  conditions  the  intentional  performance  was  superior  to 
the  incidental.  The  mean  percent  error  on  the  second  trial  for  the  misses 
for  all  l l intentional  groups  was  15. 3%,  and  for  the  false  alarms,  5.1%. 

The  corresponding  values  for  the  five  incidental  groups  were  33.6%,  and  12. 0%. 
So,  although  the  incidental  learning  demonstrated  in  the  recognition  data 
was  far  better  than  expected  by  chance,  the  amount  of  learning  did  not  ap- 
proach the  amount  of  intentional  learning. 

Separation  variables.  The  data  for  Condition  FORD,  as  detailed 
earlier,  indicated  that  the  amount  of  separation  of  two  words  in  the  study 
list  did  not  influence  the  likelihood  that  the  subject  would  say  that  the 
two  words  had  occurred  together  on  a slide.  Yet,  the  frequency  with  which 
such  false  alarms  occurred  was  greater  than  the  frequency  of  false  alarms 
made  to  new  pairs.  We  now  will  evaluate  the  effects  of  this  variable  for 
the  10  conditions. 

As  a first  step  we  have  combined  conditions  so  as  to  ask  about  the 
false  alarms  on  these  broken  pairs  as  a function  of  the  number  of  other 
intentional  learning  tasks  (0,  1,  2,  and  3),  the  combinations  being  the 
same  as  described  earlier  several  times.  As  may  be  seen  in  Figure  13,  the 
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degree  of  separation  had  no  consistent  effect  on  the  number  of  false  alarms. 
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Each  ut  the  lu  conditions  was  evaluated  separately,  and  in  only  one  condi- 
tion (FU-OR)  did  the  separation  variabl.  produce  diilerences  that  approached 
statistical  reliability  (j>  - .01),  but  even  here  the  differences  were  not 

systematic,  the  mean  for  the  two  trials  being  12.2,  15.3,  and  19.8/..  tor 
separations  of  1,  2,  and  4,  respectively. 

Figure  13  also  indie  ites  that  t he  frequency  oi  false  alarms  was  not 
influenced  by  the  number  of  other  intentional  tasks  given  beyond  one 
Furthermore,  Lh>  number  ol  talsc  uiarn  was  totally  uni nl lueuced  by  the 
number  oi  incidental  tasks  present  For  example,  the  mean  percent  false 
alarms  across  Liu  two  trials  were  10.1,  13.3,  9.0,  and  11.3/  ior  Conditions 

l),  D-F,  D-R,  and  D-KOR,  respectively. 

W.  next  ask  about  the  frequency  oi  lal.se  alarms  to  flu  broken  items 
a,  compared  to  tin-  onliol  (new)  items.  in  every  conditions  tin  numbers  oi 
raise  a lari'  • were  greater  lor  the  broken  items  than  lor  the  control.  Only 
uin  condition  shoved  a statistical  deviation  from  the  other  10  conditions. 
For  this  condition  (D-R),  the  differences  between  the  control  and  broken 
iters:  con:  idcring  both  trials  combined,  was  only  1.5/.  On  the  second  trial 

then  wen  4.97.  errors  tor  the  control,  4.6/  tor  the  broken  items.  It  seems 

that  w arc  destined  to  find  a deviate  condition  in  every  task;  we  have 

been  unable  to  find  any  reason  ior  the  essential  absence  oi  tie  etlect  'or 

this  condition.  Except  lor  this  one  condition,  the  small  diilerences  among 
tin  other  conditions  did  not  appear  to  result  from  any  ol  the  other  varia- 
bles, i . e . , number  of  intentional  tasks,  or  number  of  incidental  tasks. 

1'bat  these  differences  were  relatively  constant  may  be  in  part  at  least 
understood  by  the  fact  that  there  were  substantial  correlations  across  sub- 
jects in  their  tendency  to  make  lals(  alarms  ol  both  kinds.  Across  condi- 
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Lions  I hese  correlations  ranged  between  .27  and  .76,  with  a mean  of  .52. 

Thus,  in  general,  as  the  number  of  false  alarms  on  new  Items  differed  among 
subjects,  so  also  did  the  number  of  false  alarms  differ  correspondingly  on 
broken  items.  The  rank-order  correlation  between  the  two  types  of  false 
alarms  across  the  11  conditions  was  .70.  In  fact,  the  only  difference  we 
have  found  between  the  false  alarms  for  the  two  types  of  items  was  the  small 
influence  of  number  of  intentional  and  incidental  tasks  on  the  broken  items. 

Because  conditions  had  relatively  little  effect  on  Lhe  magnitude  of 
the  difference  between  the  two  types  of  false  alarms,  we  have,  by  way  of 
summary,  combined  the  486  subjects  in  the  11  conditions  to  construct  Figure 
14.  The  differences  between  the  false  alarms  on  the  broken  and  control 
items  on  the  first  trial  is  approximately  lO'/C,  and  reduces  to  5%  on  the 
second  trial.  However,  this  obvious  interaction  is  probably  due  in  part  at 
least  to  a "basement"  effect  for  the  control  items  on  the  second  trial. 

It  is  possible  that  second-trial  performance  was  influenced  by  the  presence 
of  the  two-word  signs  on  the  first  test  trial.  But,  for  both  types  of  items, 
such  a presence  would  be  expected  to  increase  the  number  of  false  alarms. 

We  have  not  sought  to  pursue  this  issue  analytically,  but  data  to  be  pre- 
sented later  have  some  relevance  to  the  matter. 

Incidental  learning.  It  will  be  useful  at  this  point  to  present 
the  results  for  the  five  conditions  for  the  three  classes  of  items  which 
occurred  on  the  incidental  recognition  test.  The  sums  of  the  misses  and 
false  alarms  (on  control)  was  used  earlier  as  a measure  of  sensitivity. 


It  can  be  seen  in  Table  8 that  the  number  of  false  alarms  on  the  broken 
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pairs  varied  between  28.  37  and  41.7/,  with  a mean  of  15.47,.  Statistically, 
the  differences  were  not  reliable  (F  = 1.70).  When  the  mean  (35.47.)  is 
compared  with  the  mean  percent  false  alarms  on  the  control  items  (12.07), 
it  is  evident  that  the  presence  oi  the  single  words  on  the  slide  during 
study  was  a very  strong  lure  when  the  subjects  had  to  decide  whether  or  not 
they  would  accept  the  two-word  signs  as  having  been  presented  as  two-word 
signs  during  study. 

The  five  groups  did  differ  reliable  (j>  = .01)  ou  the  number  of  lalst 
alarms  made  to  the  control  items.  An  inspection  of  Table  8 will  show  that 
the  five  conditions  sort  themselves  into  two  groupings.  When  the  intent  ional 
task  was  frequency  assimilation  (F-OHi),  F-D),  the  number  oi  false  alarms 
was  relatively  low.  When  the  intentional  class  included  recall  (R-D,  R-FOl), 
FR-OD),  the  number  oi  false  alarms  was  relatively  high. 

A survey  oi  the  data  for  the  misses  shows  that  they  were  not  influenced 
by  the  nature  ol  the  intentional  task.  Indeed,  the  differences  among  Un- 
live conditions  were  nut  reliable  (_F  - 1.83),  but  even  the  small  differences 
which  exist  do  not  correspond  to  differences  that  could  he  produced  by  tin- 
type of  intentional  task.  Thus,  the  data  indicate  that  the  number  ol  false 
alarms  to  control  iten  s was  governed  in  part  by  the  nature  ol  Lite  intentional 
task,  but  that  this  was  not  true  either  ior  the  misses  or  lor  the  false 
alarms  on  the  broken  items. 

Data  presented  earlier  lor  intentional  recognition  indicated  that 
the  numbers  oi  false  alarms  to  control  item  and  to  broken  items  were  corre- 
lated within  each  group  ol  subjects.  The  Jive  comparable  correlations  lor 
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the  incidental  groups  were  all  positive  but  low,  varying  between  .13  and  .39, 
with  a mean  of  .24  (versus  a mean  of  .52  for  the  intentional  groups). 

Summary . 1.  The  analysis  of  the  last  of  the  lour  tasks  has  once 
again  shown  that  performance  was  not  influenced  by  the  length  of  the  reten- 
tion interval. 

2.  Recognition  performance,  as  measured  by  the  sum  of  the  errors  on 
old  and  new  items,  decreased  as  the  number  of  intentional  tasks  increased. 

The  data  did  not  give  a clear  decision  concerning  which  of  the  other  two 
intentional  tasks  influenced  recognition  more  severely.  But  it  was  found 
that  the  false  alarms  on  new  items  measured  under  incidental  learning  were 
more  frequent  when  Task  R was  the  intentional  task  than  when  Task  F was  the 
intentional  task. 

3.  The  number  of  incidental  tasks  had  at  best  only  a small  effect 
on  intentional  recognition. 

4.  Some  two-word  signs  were  presented  so  that  the  first  word  occurred 
on  one  slide,  the  second  on  a later  slide.  When  the  subjects  were  asked  to 
identify  the  two-word  signs  which  had  been  presented  as  two  words  on  a slide, 
the  number  of  false  alarms  was  more  frequent  Lhan  for  control  items,  and 

the  magnitude  of  the  difference  was  relatively  constant  across  all  intentional 
conditions.  The  degree  to  which  the  two  words  were  separated  on  the  study 
slide  was  quite  irrelevant.  The  number  of  the  fals<_  alarms  on  these  broken 
items  was  increased  by  the  presence  of  a second  intentional  task,  but  not 
by  any  further  tasks,  and  the  number  of  incidental  tasks  had  no  influence. 

5.  Although  incidental  recognition  scores  were  poorer  than  inten- 
tional scores,  there  was  nevertheless  information  appropriate  for  the  recog- 
nition test  which  was  acquired  incidentally.  It  was  particularly  apparent 
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that  the  subjects  knew  a great  deal  about  what  had  noL  been  presented  as 
indicated  by  the  small  number  of.  false  alarms  on  new  items. 

Correlational  Evidence 

Reliability.  The  reliability  of  the  tasks  as  measured  by  tin-  corre- 
lations between  trials  one  and  two  are  shown  in  lab'c  ).  Condition  FORD 
is  also  included  (or  completeness.  There  are  two  conclusions  we  wish  to 
draw  front  Table  9 . First,  there  was  some  stability  in  the  scores  tor  each 
trial  to  trial,  although  the  recall  scores  seemed  to  be  somewhat 
more  stable  than  Were  those  lor  the  other  two  tasks.  Second,  tl'c  relia- 
bilities tor  recognition  and  frequency  were  not  influenced  system; tica! ly 
by  the  number  ui  other  i nteiiL ional  tasks  which  were  ’evolved,  but  recall 
was.  I’he  average  correlations  lor  0,  1,  2,  and  3 other  intentiona ' tasks 
when  recall  was  involved  were  ,8b,  .73,  .66,  and  .64 , respectively 

The  fact  that  the  intertrial  correlations  for  recall  decreased 
tin  number  of  intent  ional  tasks  increased  may  suggest  that  at  least  sot 
ubjects  spent  t disproportionate  amount  of  time  o'  ’ earning  the  * ompa'  , 
name  • on  the  sec. aid  study  trial.  The  reasoning  would  go  as  lol'ows.  As 
we  liavi  seen,  when  s-  vera).  intentional  tasks  were  reuuired,  recall  n an 
i lute  sense  was  very  low  on  the  first  trial.  Thei  eems  to  b<.  1 i 1 1 1< 

doubt  that  subjects  could  more  readily  recognize  their  poor  performance  »> 
lu  rei al I tast  than  on  t he  other  tests.  They  might  decide,  there ‘ore,  to 
.pend  nori  time  on  the  second  trial  than  they  did  on  the  first  tri  i!  in 
trying  to  learn  the  companv  names . Li  some  subjects  used  this  approach,  tht 
interLri.il  . or re  I at  ions  won  1 • ’ be  reduced  becaus  these  subjects  would  show  a 
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bigger  improvement  from  trial  1 to  trial  2 than  would  subjects  who  maintained 
a constant  amount  of  study  on  each  task  on  eacli  trial.  But  if  this  did  happen, 
there  should  also  be  a reduction  in  the  correlations  for  the  other  tasks  -- 
for  recognition  and  for  frequency  judgments,  and  such  reductions  were  not 
observed  as  the  number  of  tasks  increased.  What  appears  most  probable  is 
that  the  reduction  in  the  correlations  for  recall  as  number  of  intentional 
tasks  increased  was  due  to  a statistical  matter.  Recall  was  very  poor  on 
the  first  trial  when  three  and  four  tasks  were  being  learned,  and  the  range 
of  scores  was  sharply  limited.  Correlations  simply  cannot  be  high  under 
these  circumstances.  It  seems  that  the  appropriate  conclusion  is  that  there 
is  essentially  no  evidence  that  the  subjects  shifted  attention  so  that  the 
amount  of  time  spent  on  the  different  tasks  varied  appreciably  from  the  first 
to  the  second  trial.  Or,  in  a positive  fashion,  it  appears  that  our  subjects 
spent  a relatively  constant  amount  of  time  on  each  task  from  trial  to  trial. 

Intertask  correlations.  The  intertask  correlations  for  each  trial 
separately,  and  for  both  trials  combined,  are  given  in  Table  10.  Except  for 
Condition  FORD  (the  correlations  for  which  we  are  repeating  here),  each 
correlation  is  based  on  N ~ 36,  for  which  values  of  .33  and  .42  are  needed 
for  £ = .05  and  p = .01,  respectively.  Because  Task  D (recognition)  used 
an  error  measure,  a positive  relationship  between  its  scores  and  the  scores 
lor  the  other  two  tasks  would  be  shown  by  negative  correlations.  We  have 
simply  ommitted  the  negative  signs. 

The  data  in  Table  10  show  that  performance  on  the  frequency- judging 
tests  and  on  the  recall  tests  were  quite  unrelated.  There  was  a weak 
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relationship  between  Lrcqueney  and  recognition,  and  a somuwhat  stronger 
relationship  (although  still  weak  in  an  absolute  sense)  between  recall  and 
recognition . Hue)  earlier  the  results  for  Condition  FURL)  indicated  th.it  the 
processes  underlying  the  three  tasks  were  relatively  independent.  i'he  data 
for  the  other  conditions  in  which  fewer  than  four  tasks  were  learned  simul- 
taneously confirm  the  conclusion  reached  for  Condition  FURL).  More  generally, 
the  number  of  tasks  which  were  learned  simultaneously  did  not  inlluentc  the 
intercorrelations  anion g the  tasks. 

General  Summary  and  Discuss i on 

It  was  not  surprising  to  discover  that  performance  on  a given  task 
decreased  as  tiie  number  ot  other  tasks  being  learned  simultaneously  increased. 
But  it  was  surprising  t<  disi  over  that  the  magnitude  ol  this  effect  was  so 
small.  The  influence  o!  the-  additional  tasks  on  frequency  judgments  was 
minor  and  ejuite  irregular,  although  both  recall  and  rec<\  ion  pertormance 
decreased  steadily  as  the  number  ot  other  tasks  being  d increased. 

In  the  case  of  tlu  recall  Lask,  the  difference  in  performance  when  no  other 
task  was  learned  and  wlu-n  three  other  tasks  were  learned  was  approximate  1 y 
24  (see  Figure  11).  However,  about  lt>  of  these  percentage  points  was 
caused  >y  the  adding  oi  only  one-  task;  adding  of  additional  tasks  had  re  . - 
tivc  ly  little  influence  . In  effect,  these  addit  ional  tasks  were  leal'"-  J 
with  very  Little  cost. 

he  data  also  showed  that  performance  on  a task  decreased  as  the 
number  ot  incidental  tanks  inere-ased.  Roughly,  this  decrease  was  aboe 
half  the  decre-ase  produced  by  adding  tasks  to  be  intentionally  learned 
For  all  tasks,  incidental  learning  was  much  poorer  than  intentional  le  in>- 
i.ng,  but  still  there  was  some  incidental  learning  tor  all  casks.  Indued, 
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it  might  be  argued  that  from  a practical  point  of  view  the  amount  learned 
incidentally  was  greater  than  the  amount  of  intentional  learning  lost  because 
of  the  presence  of  the  incidental  tasks.  Further,  the  argument  could  be 
advanced  that  a better  strategy  for  maximizing  learning  within  a constant 
period  of  time  would  be  to  give  all  four  tasks  (as  in  Condition  FORD).  The 
argument  would  be  based  on  the  premise  that  the  amount  of  learning  of  a 
given  task  not  realized  when  other  tasks  are  learned  simultaneously  is  less 
than  the  amount  of  learning  which  occurs  on  the  additional  tasks.  Just 
how  much  is  added  would  depend  on  the  weighting  given  each  task. 

One  of  the  reasons  for  undertaking  the  present  studies  was  to  discover 
if  tlie  effects  of  certain  independent  variables  changed  as  the  number  of 
tasks  being  learned  simultaneously  changed.  The  answer  to  this  inquiry  is 
quite  unambiguous  for  the  few  independent  variables  manipulated.  The  spacing 
variable  produced  an  amazingly  constant  effect  across  the  various  conditions. 
The  frequency  judgments  as  a function  of  frequency  varied  only  a small 
amount  as  the  number  of  tasks  being  learned  simultaneously  changed.  The 
number  of  false  alarms  on  the  broken  pairs  in  the  recognition  task  remained 
quite  constant  (when  gauged  against  the  control  items)  regardless  of  the 
number  of  other  tasks  being  learned,  and  in  no  case  did  the  degree  of 
separation  produce  a systematic  effect. 

We  presented  intercorrelations  among  the  performances  on  the  three 
major  tasks  and  interpreted  them  as  being  so  low  that  there  could  not  be 
much  overlap  in  the  processes  underlying  the  three  tasks.  There  are  two 
implications  of  this  finding  which  need  to  be  mentioned  at  this  time. 

First,  the  low  correlations  might  lead  us  to  the  conclusion  that  the  in- 
dependence is  due  to  tin  simultaneous  learning.  We  might  speculate  that 
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the  subject.,  in  order  Lo  handle  the  rather  diilieult  situation  he  faces  when 
learning  two  or  more  tasks,  encodes  each  task  differently.  Because  of  the 
differences  in  orthography  lor  the  materials  in  the  different  tasks,  the 
subjects  can  rather  quickly  categorize  the  items  and  then  apply  the  code- 
appropriate  to  the  category.  if  distinctly  different  types  ol  information 
lie  behind  the  different  codes,  the  low  relationships  among  the  tasks  as 
seen  in  Table  10  would  be-  anticipated.  there  is  a problem  with  this  approach. 
The  correlations  in  Table  10  do  not  seem  to  diiler  in  any  systematic  way  as 
a function  of  the  number  ol  tasks  being  learned.  It  would  seem  that  it 
would  be  easier  to  use  two  distinguishing  codes  (when  only  two  tasks  art- 
learned)  Llian  four  (when  lour  tasks  are  learned),  but  no  such  distinction 
is  reflected  in  Liu  correlations.  Ol  course,  tin  critical  data  would  be 
the  correlations  among  the  tasks  when  tlu-y  are  learned  separately.  We  w i 1 ' 
turn  to  such  data  in  due  time. 

l’he  second  implication  of  the  correlations  derives  from  a theory  ol 
recognition  memory.  this  tin  ory  (Underwood,  1*1/ 1 ) i.  .times  that  a majoi  type 
ol  information  used  in  recognition  decisions  is  lrcquoncy  information. 

The  theory  clearly  leads  to  the  expectation  that  t lie  smaller  the  1 requency 
differences  between  twe)  events  which  can  be  discriminated,  the  better  the 
recognition  pe  r 1 ormaiu  c : those  who  can  discriminate-  1 requency  dil  Terences 

w«- 1 1 will  do  w<  11  on  recognition  tasks.  The  int  i-rcorre-  lat  i otis  between 
frequency  judgments  and  recognition  performance  in  Table  10  are-  too  low  to 
i ve  support  to  the  theory.  I'he  condition  ol  direct  relevance  is  Condition 
I’D,  and  lor  this  condition  the  intercorrelations  are  not  significantly 
different  tret'ii  zero.  it  still  must  be  determined  whether  the  lailure  ol  the 
theory  is  due  to  simultaneous  learning  (in  which  different  codes  are  produced 
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for  the  two  tasks),  or  whether  the  theory  is  inappropriate  for  these  tasks. 

The  expected  correlation  lias  been  found  in  other  situations  (Underwood, 

Boruch,  & Malmi,  1978). 

T iMT  FACTORS 

Exposure'  Time  and  Simultaneous  Tasks 

We  will  report  two  studies  in  which  the  central  variable  was  study 
time.  The  first  study  to  be  described  was  in  fact  the  first  conducted 
(other  than  the  pilot  study)  as  we  set  about  to  discover  the  phenomena  which 
emerge  as  a subject  is  asked  to  learn  several  tasks  simultaneously. 

There  were  actual Ly  three  conditions  making  up  the  first  experiment 
in  which  a 10-second  exposure  of  eaeh  slide  was  used.  One  of  these  condi- 
tions was  Condition  FORD.  Immediately  after  completing  these  three  conditions, 
we  tested  another  group  on  Condition  FORI)  using  the  20-second  rate.  (The 
54  subjects  given  the  20-secoud  rate  were  included  in  the  126  subjects  that 
produced  the  data  for  Condition  FURL)  as  reported  earlier).  It  is  possible, 
therefore,  to  compare  the  two  groups  lor  Condition  FORD,  one  group  having 
the  slides  presented  at  a 10-second  rate,  the  other  at.  a 20-second  rate, 
hence  we  will  report  the  results  for  four  conditions. 

C'ond  i t i ons 

For  all  four  conditions,  the  slides  were  the  full  slides  as  used  in 
Condition  FORD.  Each  o)  the  four  groups  contained  54  subjects,  and  all 
details  ot  forms,  interval  balancing,  and  so  on,  were  exactly  the  same  as 
has  been  described  earlier  for  the  other  experiments.  Two  of  the  conditions 
will  be  designated  as  FORD-10  and  FORD-20  to  indicate  the  rate  difference, 
lor  the  two  other  conditions  the  rate  was  10  seconds.  They  differed  from 
each  other,  and  from  the  two  FORD  conditions,  as  foilows: 

— _J 
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Condition  F0RD-N1.  This  condition  was  cxacLly  the  same  as  FORD -10, 
except  the  subjects  were  not  instructed  (Nl)  concerning  the  lour  classes 
of  materials,  nor  how  they  were  to  be  tested.  They  Were  told  that  they 
would  see  single  words  and  two-word  units,  that  some  of  the  words  would 
occur  more  than  once,  and  that  the  words  they  saw  would  he  like  the  words 
that  they  might,  in  fact,  see  in  driving  through  an  urban  area.  i’hey  were 
further  told:  ”0f  course,  1 am  going  to  test  ye>u  Kir  your  memory  lor  the 
events  you  saw  during  the  ride,  but  1 am  not  going  to  tell  you  just  how  ! 
will  test  you." 

Co  nd  i t L o n Ft  )H1)  - N IT  - The  !i4  subjects  in  this  group  were  given  the 
same  initial  instructions  as  were  the  subjects  in  Condition  FORD-NI.  That 
is,  they  knew  they  Were  to  remember  the  words  on  the  slide,  but  they  were 
not  informed  about  the  classes  of  words  nor  how  they  would  be  tested.  The 
difference  between  the  two  groups  was  that  the  subjects  in  Condition  FOKD- 
N LT  were  not  given  the  usual  first  test  trial  (NT,  not  tested).  After  the 
first  study  trial,  these  subjects  were  given  a 10-minute  "rest",  during 
which  they  tried  to  solve  a series  of  anagrams.  This  10-minute  period 
approximated  tin.  time  required  to  administer  the  first  test  trial  to  the 
other  groups.  After  the  10  minutes  had  elapsed,  the  subjects  were  told 
that  the  slides  would  be  shown  for  a second  time  in  exactly  the  same  order 
as  on  file  first  study  trial,  and  that  they  would  be  tested  after  the  second 
study  trial  (which  they  were). 

For  these  four  conditions,  wi  will  be  making  three  different  compari- 
sons . First,  a comparison  oi  FORD-10  and  FORD-20  will  show  the  effect  ol 
two  different  exposure  durations.  Second,  a comparison  of  FORD- 10  and  FORD- 


Nl  will  show  the  effect  of  initial  instructions  concerning  classes  of  items 
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and  the  nature  of  the  tests,  the  subjects  in  FORD-10  being  fully  instructed, 
those  in  FORD -N I not  being  fully  instructed.  The  comparison  will  be  most 
critical  on  the  first  test  trial.  Third,  comparison  between  Condition  FORD- 
NI  and  FORD-NIT  will  show  the  effect  of  the  first  test  trial  on  the  perfor- 
mance on  the  second  test  trial. 

Resu Its 

In  describing  the  results  we  have  tried  to  avoid  excessive  detail, 
particularly  detail  which  is  in  effect  repetitious  of  data  which  have  been 
presented  in  conjunction  with  other  conditions.  Our  efforts  will  be  directed 
primarily  to  unusual  findings.  When  we  speak  of  differences  that  were  found 
we  will  be  referring  to  differences  which  had  probability  levels  of  .01  or 
lower . 

'•at  ion . The  subjects  in  Condition  FORD-10  and  FORD-20 
were  tr  exactly  the  same  except  for  t lie  differences  in  the  exposure 

Lime  of  the  slides  (10  seconds  versus  20  seconds).  The  subjects  were  fully 
instructed  concerning  the  classes  of  material  and  the  memory  tests  to  be 

given  over  each  class.  j 

With  one  exception,  to  be  discussed  later,  performance  on  each  task 
was  better  with  20  seconds  exposure  than  wiLh  10  seconds  exposure.  Given 
this,  we  may  note  certain  facts  about  the  performance  on  each  task. 

1.  Frequency  judgments  did  not  increase  from  Trial  1 to  Trial  2. 
in  FoRD-10  the  correlation  between  true  and  estimated  frequency  for  the  10 
tutcs  was  .71  on  each  trial.  For  FORD-20,  the  values  were  .33  and  .79. 

Liu  difference  between  the  two  groups  was  also  present  in  the  raw  frequency 
judgments  as  indicated  by  a reliable  frequency  by  group  interaction. 


I lu  correlations  between  true  order  oi  Liu.  seven  streets  and 
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idged  order  were  . Lj  and  ,60  for  tin  two  trials  l’or  the  iub  e ts  in  . 
the  corresponding  values  for  FORb-dQ  were  . -5  and  ,\t.  . 

3.  Recall  was  3 . and  fur  the  two  trials  for  i 1 -1  , and 

arid  29.5%  for  FOH I . 0.  The  spacing  effect  was  greater  on  the  second  trial 

■’  i rst , and  iicisj.;  the  two  trial::,  performance  : ne  Teased  mom  for 
Hit  lubjects  in  FORD-dO  than  for  tii  in  !•'  iRU-i  U. 

We  examined  recall  as  a function  of  position  of  the  item  on  tin 
for  those  items  occupying  the  sam<  positioi  >j  both  . Lides . For  ' he  . ect 
in  FOHb-30,  performance  on  j torn;-.  in  the  lower  right  pi  1"  :m  of  tin  si  ices  was 
• i i stinetly  poorer  than  for  items  occuj ..  i ng.  other-  position:-.  i‘h  i s d if  i • r>  i a 
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false  alarms . 

Instructions  ■ The  subjects  in  Condition:;  FORD-10  and  FORD-NI  had  10 
seconds  exposure  of  each  slide,  and  differed  only  in  terms  of  the  initial 
instructions.  Subjects  in  FORD-10  were  fully  apprised  of  the  classes  of 
items  and  the  nature  of  the  memory  test  to  be  given  on  each;  the  subjects 
in  FORD-NI  knew  only  that  memory  tests  would  be  given. 

The  differences  in  instructions  hud  surprisingly  little  influence  on 
performance . In  fact,  frequency  judgments,  recall,  and  recognition  were 
not  reliably  affected.  Only  performance  on  the  ordering  task  was;  enhanced 
by  the  instructions.  Whereas  the  mean  correlations  on  the  two  trials  for 
the  subjects  in  FORD-10  were  .25  and  .60,  those  for  the  subjects  in  FORD-NI 
were  -.05  and  .3U. 

Although  recall  did  not  differ  for  the  two  groups,  the  spacing  effect 
was  evident  for  both  groups,  and  was  greater  on  the  second  trial  than  on  the 
first . 

test  trial.  The  only  difference  in  the  treatment  for  the  subjects  in 
FORb-NI  and  FORD-NIT  was  that  in  the  latter  condition  the  subjects  were  not 
tented  after  the  first  study  trial.  Since  neither  group  was  instructed 
about  the  tasks  arid  tents  before  the  first  study  trial,  it  is  apparent  that 
the  first  test  trial  provides  this  information.  The  empirical  question  con- 
cerns differences  which  may  occur  after  the  first  test  trial,  hence  perfor- 
mance on  the  second  test  trial  for  the  subjects  in  Condition  FORD-NI  will 
be  compared  with  performance  on  the  only  test  trial  for  the  subjects  in 
condition  FORD-NIT.  The  results  cannot  be  easily  summarized  since  the  outcome 
varied  from  task  to  task. 


We  have  seen  that  in  the  results  of  many  of  the  conditions  discussed 


1 1 1 ear i ler 


section.,,  t.iit-  i r'^rmano-.-  ■ n Vv  pi*  tvj  .judgnu-nts  i I • i ' it.  ••• 


in  precision  between  tlw  t wo  trials  ml  .■  tme  • -ond i t i >ns  showed  a <.:<■  *r*  ■«  ,*  . 

■ ■ : RD— N • r : - . i nd i 1 1. ed  t ha  it  - • , 

tiie  process  or  act  of  heir  tested  on  tin-  first  trial  was  at  ! east  j^ir*  jy 
is  w th<  fa  ' ' ia  th<  mean  :urrelat  between 

• rae  and  estimated  frequency  for  FORD-NIT  ( .Y6)  was  higher  than  for  :■<>!< F-N! 


■ Cl/).  In  fact,  the  value  for  KOHD-NJ'1  i. 


tifl  .»  •'  i.  h 1 ff,h  ci:»  UiMt  itrJt*!' V»_*  1 


■ ! ' : 1 ' ■ 1 . Wi  ...  t f ...  i LI  . . invest  : it e .just  how 

stin^  w<  es;  nsiblt  for  the  trier  a]  inability  f ib.j<  ■ t . t 

study  trial  1 mprove  thei r perfo rma nee . 
cl  rr  i:ct  ■.  tn  >rd>-ring  task  did  not  differ  for  the  two  grouj 
twei  trut  order  and  lgi  i rder  being  . . and  . . 

• or  -III  t:i  ! :•!!<-  . , c-  p< -ctively . 

Lnv<  • lave  showi  that  < tria  free-r  :aj 

erf  nr  nice . present  evidence  rely  . : 

’inding,  the  n eing  ' . " • • for  FORD-NIT  and  8.  $%  for  FOl 

heless , Ik  ■ ■ tudy  tria  for  it  ■ • -II  was  r t 

a th  ’ ini  . • : becau;  nple  study  tria  for  RD-NI  pi  luced  a 

recall  of  only  'i.U% 


. For  tin-  first  1 


in:'  , ’re  Jpac  :.nr  effec  va.  : i.  • st  :i  t : i.  i . • , i 


’ its  ■ rt . 


file  sets'  i tiv  t y measure  •-,!*  recognit  i>  • « ry  did  u t tiffer  fin 


■ ■:  .0%  vs.  . " , . never,  the  number  f falst 


false  ularinr  on 


the  broken  items  did  differ  over  and  ‘.eyond  tin-  number  of  false  arms  t 

th<  new  tem  • fa  se  r art  f ■ tin  new  and  br  ioi  item:  wer  • . 

ind  . . respec  .•>  . . foi  J .■  . ' j ■ ■ it  it i 1 : -N I . h<  rr> 


■ : • rid  i tig  value;;  !'• .? ,n  ;•  n v-r...  i.  "7  UKi  >.  • 


81 


first  test  trial  obvious Ly  was  an  important  conveyor  of  information  concern- 
ing tiie  broken  pairs.  We  had  reported  earlier  that  verbal  instructions  before 
tiie  first  study  trial  (Condition  FORD-1 0)  did  not  influence  the  number  of 
false  alarms  on  the  broken  pairs.  Actually,  an  effect  of  verbal  instructions 
was  present  (F0RD-10  vs.  FORD-Nl)  but  fell  just  short  of  our  criterion  of 
reliability,  the  interaction  between  conditions  and  type  of  false  alarm 
giving  a £ value  of  .02. 

This  completes  the  presentation  of  the  experimental  results.  At  no 
time  have  we  reported  on  the  influence  of  the  three  different  retention 
intervals,  the  reason  being  that  differences  were  not  observed.  Further, 
we  have  not  reported  on  the  Same-Different  variable  in  recall  because  of  the 
lack  of  any  consistent  effects  of  this  variable  with  the  10-second  exposure 
duration. 

Correlations . We  will  next  examine  the  correlational  data  for  our  three 
primary  tasks.  Reliabilities  were  determined  by  the  correlations  between 
performance  on  rnrial  1 and  Trial  2 for  each  task.  Because  Condition  FORD- 
NIT  involved  only  one  test  trial,  reliabilities  could  not  be  calculated. 

The  correlations  for  Condition  FORD-10,  for  Tasks  F,  R,  and  D were  .19, 

.61,  and  .18.  The  corresponding  values  for  Condition  FORD-NI  were  .27, 

.70,  and  .17.  Generally  speaking,  these  values  are  somewhat  lower  than  those 
reported  earlier  (Table  9),  but  are  sufficiently  high  to  expect  relationships 
between  tasks  to  be  demonstrated  if  such  relationships  exist. 

The  three  conditions  using  the  10-second  exposure  yield  nine  inter- 
task correlations.  The  highest  correlation  observed  was  .29,  that  between 


recall  and  recognition  (Task  R and  Task  3)  for  Condition  FORD-NIT.  Even 
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this  correlation  is  of  borderline  statistical  i gui  f ! cance.  We  conclude 
that  there  was  essentially  no  relationship  among  the  performances  on  the 
different  tasks  when  the  exposure  duration  was  JO  seconds. 

Nummary  and  Discussion  . 1 

When  the  subject  was  presented  four  tasks  to  learn  simultaneously, 
the  data  tor  adi  tasks  were  clear  in  showing  that  more  learning  occurred 
with  the  20-seoond  exposure  of  each  si  ids  than  wit.n  the  iO-secnx  l exposuf  . 

This  outcome  may  seem  so  obvious  as  to  be  trivial.  When  the  subject  knew 

before  the  first  study  trial  how  lie  would  be  tested  on  each  task,  perfor- 

mance on  three  of  the  tasks  (K,  it,  D)  was  not  influenced.  Only  the  order- 
ing task  was  benefittet  py  the  foreknowledge  of  the-  test.  There  is  a 
general  belief  around  >ur  laboratory  that  when  subjects  are  given  a word 
'is:  to  learn,  but  wi lh  the  nature  of  the  learning  test  not  specified, 
subjects  almost  universally  assume  recall  will  be  requested.  id'  this  is  ■ , 
foreknowledge  would  not  influence  performance  ■ a recall  test.  This  argu- 
ment might  be  extended  by  assuming  that  the  uni  ns true ted  subjec ' 3 studied  ••  : . 
of  the  classes  in  preparation  lor  a recall  test.  There  is  a aiff : -alfy 
with  shis  extension.  If  we  assume  that  encoding  for  recall  produces 
memory  that  can  be  transformed  i n a direct  fashion  l performance  on  in 
f*'  and  jti  Task  b.  Mien  we  would  save  anticipated  substantial  c ■ rreiat  i •• 

imong  the  tasks.  Jucii  c >rr<  Lation  did  not  occur.  Purthernii  re,  the  Lack 

of  a red  a*  ienshi  p between  the  performances  on  Task  F ana  Task  !)  sugge.- 
that  tnese  two  tasks  had  Little  in  common  in  the  encoding. 

:•  iitf  uia  r ~ Time  arid  the  Single  Tasks 

The  empirical  quest  ion  we  are  asking  next  concerns  th<  effec*  • j,p 


A 
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exposure  time  on  the  learning  of  each  of  the  three  basic  tasks  when  these  are 
presented  as  single  tasks  as  was  the  case  for  Conditions  P,  R,  and  D.  The 
reason  for  asking  the  question  stemmed  primarily  from  the  results  of  Condi- 
tion R.  In  this  condition  the  subjects  were  presented  only  the  company  names 
and  the  test  was  recall.  On  each  trial,  on  the  average,  each  name  could  be 
allotted  8 seconds  of  study  time  on  each  presentation,  l6  seconds  per  trial, 
or  id  seconds  across  the  two  study  trials.  In  an  absolute  sense,  recall 
seemed  low  when  viewed  in  terms  of  potential  study  time,  recall  being  30% 
on  the  first  trial,  6 U%  on  the  second.  Furthermore,  the  experimenters  re- 
ported tiiat  they  observed  subjects  who  did  not  appeal'  to  be  using  the  full 
study  time  effectively.  More  bluntly,  it  seemed  that  the  subjects  found  it 
difficult  to  attend  conscientiously  to  the  material  on  a slide  for  20 
seconds . 

Having  noted  that  there  was  some  incidental  evidence  that  the  subjects 
did  net  effectively  use  the  full  study  time  for  the  recall  task,  we  must 
point  out  what  appears  to  be  a contrary  implication.  We  have  seen  that 
the  addition  of  a second  task,  (either  Task  F or  Task  D)  reduced  recall 
performance  by  substantial  amounts  (see  Figure  11).  This  finding  indicates 
that  ti  second  task  "took  away"  something  from  the  recall  task.  One  might 
suppose  that  if  the  subjects  were  not  using  study  time  fully  when  only  Task 
; wa  presented , a second  task  would  have  little  effect  because,  in  a manner 
.peaking,  the  subject  could  use  the  time  he  did  not  use  for  studying 
it.  k r to  study  the  second  task.  Of  course,  we  are  quite  aware  of  the 

;it,iti\y  that,  more  than  mere  study  time  may  be  involved;  it  is  feasible 
' fiat  crferei.'-e  may  have  occurred  between  Die  tw<  tusks. 

. ti*-  . : t u;,r.  ion  seemed  to  call  for  evidence  on  performance  on  each  task 


A 


alone  as  a I'unc  t i *n  •!’  tir  ...  .re  . ,r  t I a.  1 'if  pre.n-g  ex|  *.  ;*  • ::t> 

used  exposure  lurutioi.s.  of  ‘ , , .r  : ■ ' ■ want.- 

the  relationships  urn  .i.r  oar  l:.ree  task-'  wl-er.  ' ■>-j  w«-c«  : eurne  i -.re 

rather  than  imultuni  .....  I'Viat  is , w needed  i mow  i th<  rre 

across  tusks  differed  when  *.:.■■  La.;:-..  w.----  : carried  . .-••••  ■ ; v-  ly  I'r  ' 

.have  reported  l'ur  simul  tanoous  learn  it  . ■ neref*.  re,  < i I .-ab.ie  -t  ear 
Tank  H at  u . i wti  exp  sure  a irat  ion , and  1 n<  • . ' • • • : • r ! a . k '•  r 

U under  the  ^aiue  expo.:.are  duration. 

Mt thod 

Dask  H was  ilwuy  pr  . ■ ■ 1 : i as  tin  fi  rst  t< nd  th«  pr  redur. 

exactly  the  name  an  that  used  for  iondi  t ion  H ex-opt  tha1  v.<  i-xp -.dire 
wan  either  5,  10,  or  ±1  sec.  Subjects  were  assigned  t « .jurat  i.  at  by  i 
. . cked-randomiz  i sehedul.  which  designated  J<  subject:  foi  each 
iurations . hi  tin  group:  represented  Jondi  t 

Wi : with  .'oi'idi  Li<  n it,  1.  subjects  Wvl'v  iss igaed  1 e: . I r , :m  ! 

given  two  study  arid  test  trials. 

Al  . e j*  having  learned  Tank  H,  lB  :ubjec:s  (o  f r*  •:»  ear:,  i »r».  » were 
given  - wo  triads  .n  ' ask  K tod  l8  were  given  tw  > trials  on  task  ■ . 

..'.are  dura'.:  r:  fur  the  second  ’ ask  was  the  curie  an  i < - 1 ''ask  K I r e; 
groui  . For  ail  ask  , the  subject  . were  fully  informed  concerning  the 
materials  aria  ' :n  memcr y tents  to  be  given, 
hen  u I n 

■aim  L . : he  cumber-  of  items,  recalled  increased  directly  as.  expo 

reused . i . tl  rst  te  trial  tin  vai  lies  were  1 » 

. , a lively . the  second  tria 

...  . . ...  . i *€  rf  »rm  inci  wi  U 0-second  exi 
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(as  reported  for  Condition  R earlier)  was  well  within  the  range  to  be  ex- 
pected if  the  above  values  were  extrapolated  to  predict  performance  at  20 
seconds.  The  recall  values,  with  20  seconds  exposure  were  30.0%  and  6U . U% 
for  trials  1 and  2. 

The  effect  of  spacing  the  two  occurrences  of  the  items  is  shown  in 
Figure  15-  The  values  represent  the  mean  percent  correct  for  the  two  trials. 
Again,  the  spacing  effect  was  highly  reliable  (ja  = .001),  and  although 
Figure  15  suggests  some  variations  as  a function  of  exposure  duration,  the 
interaction  was  far  from  being  reliable  statistically.  Indeed,  no  inter- 
action among  the  variables  (trials,  spacing,  exposure  duration,  or  same- 
different)  was  reliable.  The  Same-Different  variable  had  a small  effect 
(js  = .02),  the  recall  being  37.3%  when  the  item  occujjied  the  same  spatial 
position  on  its  two  occurrences,  and  when  the  position  differed. 

The  manipulation  of  exposure  duration  as  carried  out  in  this  experi- 
ment confounds  duration  and  length  of  retention  interval.  The  longer  the 
exposure  duration  the  longer  the  retention  interval  for  all  items  except  the 
last  one  in  the  study  list.  All  of  the  data  presented  earlier  have  shown 
that  differences  in  performance  have  not  occurred  as  the  retention  interval 
increases  up  to  several  minutes.  Nevertheless,  none  of  these  determinations 
involved  tasks  learned  singly,  it  seemed  necessary,  therefore,  to  ask  about 
recall  as  a function  of  position  in  the  study  list.  We  formed  five  grouus 
A’  six  items  each  based  on  the  positions  of  second  occurrence  in  the  study 
list  (just  as  was  done  for  the  data  from  Condition  FORD  and  reported  earlier), 
and  asked  about  recall  as  a function  of  the  five  groupings.  Because  * he 


results  were  much  the  same  for  each  trial,  we  have  :ombirted  the  dat  t f r 
the  two  trials  for  presentation  in  Figure  16. 

The  differences  in  the  length  of  the  retention  interval  as  a function 
jf  exposure  duration  would  be  maximal  for  items  holding  the  early  positions 
in  the  list.  As  may  1»-  observed  in  Figure  l6,  resell  of  the  items  in  the 

initial  pos  far  better  with  the  longer  exposure  durations  (10  and 

15  seconds)  than  with  the  5-second  exposure.  Of  course,  there  is  no  way  to 
i.  . ■ rt  fr<  th«  iata  thal  fi  rgett  ing  was  not  greater  for  the  items  in  tin 
Lnitia  study  positi  . 1 r the  Longer  study  times  than  for  the  short.  But 

an  conclude  that  if  th<  forgetting  lid  differ,  if  wat  not  >f  sufficient 
magnitude  to  negate  ttie  higher  level  of  learning  achieved  with  the  longer 

exj  sure  \ Lme  ■ 1 n witt  tl  .1  r t . On  the  other  hand , it  might  be  argued 

that  the  greater  recency  effect  associated  with  the  longer  exposure  periods. 

n wit]  tl  ■ rates  that  th<  retentioi  ini va l was  if  S( >me  ion:  e 

• iuenc-c  for  r die  in  it  iai  items,  assuming  that  the  learning  which  occurred  was 
ent  for  bot  rimary  and  r<  ■ i :y  items.  The  retention-interval 

liffen  res  wou  the  rt  rei  y items  than  for  the  primacy  items. 

, w , - . ■ Li  tivi  nclusions  on  this  mat t er , but  be- 

muse si  the  ia.-k  >V  effects  cd'  the  length  of  the  retention  interval  in 
rev  i iata,  rvals  - 1 differed  as  greatly  a:  those  here , w<  are 
L nt.-d  toward  : j«  ..  i t i u that  the  date  rej  r esent  a reasonable  estimate 

fei  1 I ii'  iration  on  r<  rail . We  lo  n<  t b< :1  i > :vi * ther<  a 

;eri  is  liminut ion  of  the  I fferences  pr  luced  by  iifferences  in  the  : ngtl 
if  retention  intervals. 


Percent  Recall 
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Frequency  judgments ■ After  the  lb  subjects  in  each  group  had  completed 
the  second  recall  trial,  18  were  given  Task  F and  18  were  given  Task  D,  using 
the  exposure  duration  tiiat  was  used  for  recall.  Thus,  the  conditions  were 
identical  to  Conditions  F and  D as  reported  earlier,  except  the  exposure 
durations  were  less. 

Performance  on  frequency  estimation  was  extremely  good  under  all  con- 
ditions. The  mean  correlations  (as  determined  from  retransformed  zj  values) 
on  the  first  trial  were  .88,  .93,  and  .92  for  5,  10,  and  15  seconds,  respec- 
tively. For  the  second  trial,  the  corresponding  values  were  .93,  .96,  and 
.96.  Although  the  performance  with  5 seconds  exposure  was  a little  lower 
than  that  with  the  longer  durations,  a statistical  analysis  showed  only  the 
trial  effect  to  be  reliable.  The  values  recorded  earlier  for  performance 
witli  20  seconds  of  study  time  per  slide  were  .9^  and  .95  for  the  two  trials 
in  order.  A plot  of  the  mean  frequency  judgments  as  a function  of  true 
frequency  on  the  second  trial  produced  curves  that  were  almost  identical  to 
tiiat  shown  for  Condition  F in  Figure  10.  The  evidence  is  conclusive  that  the 
estimation  of  ttie  frequency  with  which  the  state  names  occurred  was  not  en- 
hanced by  study  time  beyond  5 seconds  on  the  first  study  trial  despite  the 
fact  that  further  study  on  the  second  trial  improved  performance.  This  might 
suggest  that  in  order  to  improve  performance  with  additional  study  time  a 
subject  must  be  tested,  but  we  have  given  evidence  earlier  that  testing  may 
interfere  with  further  learning  of  the  distribution  of  tiie  frequency  of  events. 

However  this  situation  is  viewed,  it  appears  that  for  our  particular  1C  j 

events  the  subjects  essentially  "wasted"  15  seconds  when  the  exposure  was  20 
seconds . 

hcoognlt ion . Again,  the  measure  of  sensitivity  used  was  the  sum  of 


J 


the  misses  on  »ld  items  and  the  false  alarms  in  new  item.:.  i'he  percentage 
value.;  Eire  shown  in  Figure  1 J , and  we  have  incl  ided  t ••  results  f<  r th<  . - 
exposure  period*  givei  earlier  as  ndition  !. . As  may  be  seen,  the 
results  correspond  closely  t those  givei  for  frequency  assimilation.  The 
Length  if  the  exposur<  p<  ■ id  beyond  1 see  nds  was  irrelevant  to  perfor- 
mance on  the  first,  trial  in  spite  of  the  fax:*  that  a second  study  trial  im- 
proved performance  sharply  - .001). 

The  number  of  fa  . «•  alarms  on  the  broken  items  was  again  unrelated  ' 
the  separation  of  the  two  w rds  on  the  study  trial.  The  effect  of  exposure 
lural  i he  number  if  these  false  alarms  was  somewhat  ambiguous.  >um- 

:ros:  ' : tw  ■ ■■ : I va  1 ues  were  8 . 1 % , 8 . i% , and  r 1 . . 

• ouds,  resp<  Lvely . However , the  val u<  for  londition  D (described 
much  earlier),  which  had  m . .re  durati  n of  ) second  >,  wa: 

is , ipj  ently , i yst  mat ic  trend  ir  th<  n uni  sr  1 fa  ><  ■ arn . a 

thi  exposurt  luratioi  Li  • i . W are  inclined , therefore , t li scouni 

he  significance  f tic  . mud  i number  observed  with  the  1 ‘'-second  exposure 
duration.  Ir.  all  «•  um  : I i .us , t he  number  obs.erved  was  greater  than  the 
number  of  false  alarm.  the  new  items  (j>  - . • ),  and  the  its  ■cacti  u 

n ( ndition!  and  typ<  if  fal  s«  al ara . li  - 1 read  a acceptable  Level 
of  statistical  ret iabi 1 i ty . 

Lat he  intertask  c irre  it  ns  ;i  1 1 >t  si  w any  systemat  ic 

hij  w th  . lure  duration.  Phe  three  ri  Lati  ns  between  in  per- 
formances.  .n  Tasks  R and  D (each  based  on  iH  subjects)  wer<.  Jk  , ..  I,  and 
.'■7,  for  Conditions  Rt>,  HI  , and  HI 5 in  order.  The  average  of  '.here  t.uree 
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Figure  17.  Percent  recognition  errors  (misses  plus  false  alarms)  as  a 
function  of  exposure  duration  and  trial. 
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is  almost  identical  to  the  average  of  the  conditions  in  the  main  experiment 
as  seen  in  Table  10.  The  tiiree  correlations  between  the  performances  on 
Task  R and  Task  F were  .17,  -.05,  and  .30,  Although  these  values  are,  on 
the  average,  a little  higher  than  those  shown  in  Table  10,  in  neither  case 
can  they  be  said  to  differ  reliably  from  zero.  Essentially,  then,  the  inter- 
task correlations  which  were  observed  when  the  subjects  learned  the  tasks 
sequentially  did  not  differ  from  those  which  were  observed  when  the  tasks 
were  presented  for  simultaneous  learning.  We  cannot,  therefore,  hold  to  the 
notion  that  independent  encoding  occurs  only  when  a subject  is  faced  with 
the  learning  of  two  or  more  tasks  simultaneously.  The  independent  encoding 
is  just  as  likely  to  occur  when  the  tasks  are  learned  at  different  times. 
Nummary  and  Discussion 

The  results  of  this  experiment  have  shown  that  recall  is  directly  re- 
lated to  exposure  time  between  5 seconds  and  20  seconds,  but  that  neither 
frequency  estimation  nor  recognition  decisions  are  influenced  by  exposure 
time.  Our  major  purpose  here  will  be  to  try  to  put  these  findings  in  per- 
spective. 

The  first  point  we  would  like  to  emphasize  is  that  although  recall 
increases  reliably  as  study  time  increases,  she  amount  of  this  increase  is 
small  in  an  absolute  sense,  and  that  any  notion  of  efficiency  in  learning 
would  recommend  the  use  of  the  shorter  study  period.  We  will  look  at  this 
from  three  points  of  view.  On  the  second  recall  trial  the  mean  numbers  of 
items  recalled  were  12.7,  l6.0,  l6.6,  and  19.3  for  5,  10,  15,  and  20  seconds, 
respectively.  The  corresponding  total  study  times  were  2^0,  U80,  720,  and 
jbO  seconds.  On  the  averag-  , each  correct  response  consumed  19,  30,  lii. 


and  50  seconds  of  study  tire. 


That  in,  wit.ti  5 seconds  exposure  time,  a 


correct  rcii(onsu  wat  based  s 19  '■  • ■ ■->!,■  i . ■ >f  <-/.i  tr«  t ime,  wit:.  90  . is 

exj  sure,  the  va.lu«  wa:  Even  ill  w i nr  I ht  fact  that  with 

greater  reca 1 1 , tr  re  di  f f icul  nairn  in  iriv  lived , the  exposure  tiiru  - 

to  produce  a corn  *t  respei . c is  much  higher  for  th>  long  exposure  times  than 
for  the  short. 

As  a second  way  ,f  vowing  the  matter,  we  ask  about  the  performance 
whicl  would  ha v<  beex  rved  had  t.!u-r  1 f ei  study  i i a . . Per- 

formance on  trials  1 axid  ..  were  used  to  project  > -.traignt  1 tie  ' determine 
on  what  later  trial  all  do  items  would  have  been  ro-.nl!,  i.  f ur.-.e , this 
is  not  appr  -priute  b-.  i au  • free-recall  learning,  curves  ar<  mo  - Uy  nega- 
tively ace,  ; i-rnt,  i,  t-s  'he  influonc-  -f  the  inappropriate:,-  ss  s.-.ouiu  '■ 

•oughly  equivalent  for  L hi  ii fferent  condi t ions  . For  1 -second  ex- 

po; ire  time,  the  nro.i,  '.Lon  showed  that  three  trials  w uld  be  required , ,r 
i total  of  ■ : iutei  , iy  t i nu • . With  the  i-seeon  x]  >ur<  peri 

- xtrap  . , . ; : 1 rated  that  sligh  l.y  iver  four  trials  would  be  r<  i red 

yield  perfect  perfi  -ruiatise,  or  a lit,  tie  over  minutes  of  study  tine  . 
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for  Condition  R,  FR  and  RD  wore  47%,  29 %,  and  267„.  Using  rough  figures, 
it  can  be  seen  that  when  the  Task  R and  either  Task  F or  Task  0 were  learned 
simultaneously,  the  recall  performance  dropped  by  20%.  When  only  Task  R 
was  involved,  recall  fell  about  the  same  amount  when  the  exposure  time  was 
reduced  from  20  seconds  to  5 seconds  --  from  47%  to  291.  Yet  we  have  seen 
that  exposure  periods  beyond  5 second  had  no  influence  on  either  recognition 
or  frequency  estimation  (Task  D or  Task  F).  in  a simple-minded  way,  it 
would  seem  that  when  Task  R was  presented  for  simultaneous  learning  with 
either  Task  0 or  Task  F,  the  subject  could  allot  5 seconds  of  each  20- 
second  exposure  period  to  Task  F (or  Task  D)  and  use  the  remaining  15 
seconds  to  study  the  company  names  in  preparation  for  recall.  If  all  Lhis 
works  out  in  this  way,  performance  on  Task  F or  Task  D should  be  comparable 
to  the  performance  observed  when  these  tasks  were  presented  alone.  Recall 
should  be  equivalent  to  that  observed  with  the  15-second  exposure  duration 
when  Task  R was  presented  alone.  This  value  would  be  41%. 

Obviously,  the  simple-minded  approach  is  not  the  correct  one. 
Something  changes  when  two  or  more  tasks  are  presented  for  simultaneous 
learning,  and  at  this  point  we  cannot  tell  just  what  is  involved.  It 
would  not  appear  that  a major  factor  would  be  the  time  lost  in  merely 
identifying  stimuli  (which  increase  as  the  number  of  tasks  increase),  be- 
cause this  amount  of  added  time  within  the  ranges  with  which  we  are  dealing 
does  not  seem  to  be  a highly  important  factor. 

DIVISION  OF  EFFORT 

We  have  assumed  that  in  some  sense  there  must  be  a division  of 


effort  when  a subject  attempts  to  learn  several  tasks  simultaneously,  as 
in  Condition  FORD.  It  is  obvious  that  when  three  or  four  tasks  are  given 
simultaneously,  the  subjects  must  shift  from  one  class  of  materials  to 


another.  These  shifts  could  impede  learning  because  the  subjects  take  dine 
to  classify  each  stimulus  even  though  to  do  so  is  of  no  consequence  for 
learning.  Or,  because  the  subjects  control  their  study  time  within  a slide 
it  may  be  that  they  spend  too  much  time  on  items  they  have  already  learned, 
and  not  enough  time  on  those  which  they  have  not  learned.  Or,  as  a third 
possibility,  the  subjects  may  miss  some  of  the  stimuli  entirely. 

The  purpose  of  the  final  experiment  was  to  minimize  tin  influence 
of  the  subjects'  control  of  within-slide  study  time.  In  so  doing,  we  asked 
a most  general  question  about  simultaneous  learning,  namely,  does  the 
s imul taneous- learning  paradigm  impede  learning,  facilitate  learning,  or 
have  no  influence.  In  the  critical  condition,  the  subjects  saw  all  of  the 
stimuli  lor  one  of  the  tasks  on  the  study  trial,  then  all  for  a second 
task,  and  finally,  all  teir  the  third  task.  Then,  the  appropriate  memory 
tests  were  given  The  total  study  time  was  the  same  as  for  Condition  FR1>, 
but  the  subject  never  had  to  study  more  than  one  task  at  a time.  We  will 
designate-  this  as  Condition  F-R-D  to  indicate  that  the  three-  tasks  were 
studied  sequentially  as  opposed  to  simultaneously  in  Condition  FRD  . 

A third  condition  was  added.  Under  Condition  F-R-D,  not  only  were 
tin  subjects  shown  all  stimuli  of  a given  class  before  moving  on  to  the 
next  class,  but  they  also  saw  only  a single-  class  of  stimuli  on  a slid*  . 

We  n*  ede-d  to  remove-  this  latte  r confound,  and  to  do  sc>  We  arrayed  the 
slides  so  that  each  slide  carried  stimuli  e>t  only  •»..*  . lass,  beat  ‘he  class 
varied  Iron  slide  to  slide  in  a random  manner.  We  have-  called  this  arrange 
merit  Condition  FRD(Sj,  wher  S refers  to  the*  appearance  of  a single  class 
ol  stimuli  on  a slide  Thus,  the  flue-  conditions  were-  FRD,  FRD(S),  and 
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Slides . It  will  be  remembered  that  for  Conditions  F,  R,  and  D,  as 
presented  in  earlier  sections,  the  subject  was  presented  slides  on  which 
only  the  state  names  appeared  (Task  F),  only  company  names  appeared  (Task 
R) , or  only  traffic  signs  appeared  (Task  D) . In  implementing  Condition 
F-R-D  for  the  current  study,  the  three  sets  of  slides  used  for  Conditions 
F,  R,  and  D were  simply  given  in  sequence  (including  the  primacy  and  recency 
slides  for  each  task).  Therefore,  the  subjects  were  shown  78  successive 
slides.  As  will  be  explained  later,  the  order  in  which  the  three  tasks  was 
given  was  varied  across  subgroups  of  subjects. 

For  Condition  FRD(S),  it  was  necessary  to  present  the  same  78  slides 
as  shown  in  Condition  F-R-D.  The  three  sets  of  slides  (26  for  each  task) 
were  interwoven  in  such  a way  that  the  first  three  slides  (after  the  primacy 
slides)  carried  the  same  stimuli  as  did  the  first  slide  for  Condition  FRD . 

In  the  same  way,  slides  4-6  carried  the  same  stimuli  as  did  the  second  slide 
for  Condition  FRD,  and  so  on.  Within  each  group  of  three  slides  for  Condi- 
tion FRD(S)  the  order  was  random,  subject  to  the  restriction  that  two  con- 
secutive slides  not  carry  stimuli  from  the  same  class.  Thus,  the  last 
slide  of  one  set  of  three  had  to  carry  a different  class  of  material  than 
did  the  first  slide  of  the  following  set  of  three.  Of  course,  different 
slide  orders  were  constructed  for  each  of  the  three  forms  for  Conditions 
F-R-D  and  FRD(S). 

Procedure  and  subjects.  Each  of  the  78  slides  required  for  Condi- 
tions F-R-D  and  FRD(S)  was  presented  for  7 seconds,  while  each  of  the  26 
slides  used  for  Condition  FRD  was  shown  for  20  seconds.  Obviously,  the 
total  study  time  per  trial  was  26  seconds  longer  for  Conditions  FRD(S)  and 
F-R-D  than  for  Condition  FRJ)  (546  seconds  versus  520  seconds).  We  have 
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assumed  that  this  small  difference  will  be  of  little  consequence. 
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The  order  of  the  three  tasks  ! or  Condition  i'-R-L)  on  the  study  trials 
was  varied  three  ways  such  that  each  task  occurred  equally  often  in  each 
of  the  three  positions.  The  order  of  the  retention  tests  was  also  varied 
three  ways  and  these  were  orthogonal  to  the  three  orders  of  study,  and  were 
also  crossed  with  forms . A total  of  54  subjects  was  assigned  to  each  of 
the  three  conditions. 

The  subjects  were  fully  informed  concerning  the  nature  of  the  study 
lists  and  of  the  nature  of  the  tests  to  be  given  for  each  class  of  material. 
Furthermore,  each  subject  was  given  a card  which  described  briefly  the 
relationship  between  class  of  stimuli  and  type  of  retention  List;  -.g., 
company  names  were  to  be  recalled.  The  subjects  had  this  card  available 
at  all  times  throughout  the  session,  and  they  were  told  to  refer  to  the-  card 
in  case  they  forgot  how  they  were  to  be  tested  for  a given  class  of  material. 
Rc-su  Lts 

Task  F (frequency  [udgiru  nt  s ) . The  correlation  between  tin  judged 
frequency  of  the  10  state  names  and  their  true  frequency  was  determined 
for  each  subject.  The  z/  transformation  was  again  used  for  statistical 
purposes.  The  mean  correlations  are  shown  in  Figure  18  as  a function  oi 
trial  and  conditions.  The  three  conditions  constituted  a reliable  source 
of  variance  (£  - .001),  and,  as  can  be  seen,  this  was  largely  produced  by 
the  better  performance  of  the  subjects  given  Condition  F-R-L)  than  by  those 
assigned  to  the  other  two  conditions.  In  spite  of  the  statistical  signili 
cance  of  th<  differences  among  conditions,  we  should  point  out  that  in  any 


absolute  sense  the  differences  are  small,  and  that  t'>e  correlations  wire 
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high  for  all  conditions.  When  the  raw  frequency  judgments  were  used  as  the 
response  measure,  the  differences  among  the  conditions  were  not  statistically 
reliable.  The  critical  statistic  was  the  interaction  between  condition  and 
presented  frequency.  The  sharpness  of  the  slope  for  each  condition  should 
correspond  to  the  height  of  the  line  in  Figure  18.  The  slope  differences 
did  correspond  to  the  differences  in  Figure  18  but  were  not  reliable  statis- 
tically (])  = .06).  Thus,  the  two  response  measures  did  not  agree  in  statis- 
tical detail.  it  seems  to  us  that  the  appropriate  conclusion  is  that  a 
small  effect  of  conditions  was  present,  and  that  performance  under  Condition 
F-R-D  was  better  than  that  under  the  other  two  conditions. 

It  will  be  remembered  that  in  Condition  F-R-D  each  task  occurred 
in  each  of  the  three  positions  in  the  study  list  an  equal  number  of  times, 
and  that  18  subjects  were  assigned  to  each  of  the  three  study  orders  (FDR, 
RFD,  DRF).  Because  each  retention  interval  occurred  with  each  order  an 
equal  number  of  times,  differences  due  to  position  of  the  task  in  the  study 
list  could  be  assessed  directly.  Neither  response  measure  reflected  an  in- 
fluence of  the  position  of  the  task  in  the  study  list,  indicating  again  the 
stability  of  the  memories  across  short  retention  intervals.  Differences 
in  the  length  of  the  retention  interval  produced  by  differences  in  the 
order  of  taking  the  three  tests  again  also  faileu  to  influence  performance. 

Task  R (recal 1 ) . An  analysis  of  recall  showed  that  conditions  did 
not  differ,  although  the  influence  of  spacing  was  apparent  as  usual  (]>  - 
.001).  Figure  19  shows  the  percent  recall  as  a function  of  condition  and 
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lag  for  both  trials  combined.  There  was  inconsistency  in  the  magnitude  of 


')< 


t V ! ag  effect  as  <i  luiuLion  of  cowl  it  ions  (jp  - .004)  This  interaction 
was  present  on  both  trials,  and  we  have  been  unable  to  find  any  correlates 
of  rt,  or  elucidate  upon  it  in  any  way.  The  Same-Dif ierent  variable  did  not 
produce  a reliable  main  effect  and  it  did  not  enter  into  any  reliable  inter- 
actions. The  critical  finding  for  the  present  purposes  is  the  lack  ol  a 
difference  in  recall  among  the  three  conditions.  Overall,  the  recall 
values  wer<.  24.2,  21.7,  and  23.97.  for  Conditions  FRO,  FRD(S),  and  F-R-D, 
respectful ly . 

The  length  of  the  retention  interval  did  not  influence  recall. 

Summing  across  the  three  conditions  for  both  trials  gave  values  of  23.1, 

23.6,  and  23.17  for  Lin  short,  medium,  and  Long  retention  intervals,  respect- 
ively . Condition  F-R-L  was  analysed  both  for  tin  position  of  the  task  in 
the  study  list  and  for  the  length  of  the  retention  interval.  Neither  ol 
variable  recall.  The  r<  cal  1 values  when  "lusk  R was  in 

the  first,  second,  and  third  positions  in  the  study  list  wire  22. b,  23.3, 
and  25  S'  . Tin  F was  less  than  1.  fin  longest  retention  interval  would 
be  the  case  in  which  tin-  task  occupied  the  first  position  in  the  study 
list,  and  had  tin  long  retention  interval.  The  recall  for  this  combination 
was  26.7  . Tin  shortest  retention  iuli-rv.il  would  be  the  case  when  the  task 
occurred  in  tin  final  position  in  tin  study  list  md  was  recalled  lir.st. 

The  value  lor  thi  . cell  was  22.5  . We  emphasize  this  lack  oi  differences 
to  press  the  point  that  even  when  the  retention  interval  was  extended 
appreciably  in  length  over  any  previous  intervals  used,  mail  still  re- 
mained r<  latively  unin i luetic ed  as  tin  retention  interval  grew  longer  and 
longer . 

Task  D ( r ■ coy.n  i t ion)  I'i  f tereiices  in  recognition  performance  across 
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the  three  conditions  occurred  on  only  one  type  of  icem;  consequently  we  will 
dismiss  quickly  those  types  for  which  differences  did  not  occur.  As  has 
been  true  throughout,  errors  on  broken  pairs  exceeded  Lhose  on  new  pairs, 
but  the  combined  errors  on  the  broken  and  new  pairs  did  not  differ  across 
condition  (£  = .34),  and  the  length  of  the  separation  variable  had  no 
influence  (£  = .70). 

The  only  reliable  effect  of  conditions  is  shown  in  Figure  20,  where 
misses  and  false  alarms  (on  new  items)  summed  across  both  trials  are  shown 
for  each  condition.  The  interaction  between  condition  and  item  type  was 
highly  reliable  (£  = .001),  as  was  also  the  difference  among  conditions  on 
total  errors  (£  = 001).  No  other  factor  was  significant  statistically 
nor  interacted  with  conditions.  For  Condition  F-R-D  no  effect  was  found 
for  the  position  ol  the  recognition  task  in  the  study  list. 

Corre lat ions . Trial  1 by  Trial  2 correlations  showed  substantial 
reliability  for  all  tasks  for  all  conditions.  As  has  been  true  ior  pre- 
vious data,  the  values  used  for  the  correlations  were  total  errors  for  Task 
l),  z*  transformation  of  r for  Task  F,  and  total  recall  for  Task  R.  The  nine 
correlations  between  trials  1 and  2 varied  between  .44  and  .84 . The  means 
of  the  three  correlations  were  .61,  .74,  and  .51  ior  Conditions  FRD,  FRD(S), 
and  F-R-D,  respect ively . by  conventional  statistical  tests,  the  two  ex 
ironic  means  do  not  differ  statistically.  In  earlier  sections  we  considered 
the  likelihood  ol  subjects  attending  differentially  to  the  three  tasks  on 
the  two  trials.  in  particular,  it  seemed  that  some  subjects  might  spend 
mori  time  in  studying  the  company  names  on  the  second  trial  than  on  the 
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first,  tlu.ri.by  lowering  the  inti  rtrial  i orril.it  inns  lor  .ill  tasks . 1 lu 

present  data  give  no  support  to  this  idea.  Under  Condition  l-K-U  it  would 
be  difiicult  to  rehearse  across  tasks,  yet  the  reliabilities  lor  this  con- 
dition Were  lower  than  were  those  lor  Condition  FR1)  where  tlu  subject  could 
allocate  time  to  tasks  differentially  on  the  two  trials.  itur  earlier  con- 
cern abouL  differential  attention  does  not  now  seem  to  have  been  justified. 

1 he’  average  intertrial  correlations  for  tasks  I , K,  ind  L)  were  .65,  t<3 , 

md  .'34,  respectively. 

We’  turn  next  to  the  correlations  of  tasks  within  each  oi  the  three 
conditions.  Supportin',  our  previous  findings,  we  founeJ  that  the  performance 
on  Task  R and  Task  1’  were  essentially  unrelated,  the  three  correlations 
being  .16,  14,  and  .07  The  three  correlations  between  Task  K and  Task  0 

We-r*  . • ! , 36,  and  .36  for  Conditions  FR1),  t'Rli(S),  and  T-K-O,  respectlul  ly . 

!■■  not  know  why  th  correlation  was  so  low  Kir  Condition  FRO.  This  c un- 
lit o’  was  used  earlier  and  the  correlation  was  . 27  (Table  10),  and  lor  a 
.at-,  imila:  Condition  (FKl)-O),  the  value  was  .40.  1'he  correlations  be 
twi  n Task  1 ind  Task  it  Were  .30,  .37,  and  .07  lor  Conditions  FRO,  l'KU(S) 
and  F-U-D  in  order.  The  first  two  corr<  latieins  ale  quite  in  line  with  those 
lounei  earlier  rial)  l e 10J,  and  although  the  third  corre  lat  ion  might  seem  to 
h<  out  of  lint,  it  cannot  be  judged  to  be  se>  statistically.  Ail  in  all, 
w,  h iv  not  found  tin  corn  lations  lor  this  experiment  to  add  much  to  out 
know  1 edge . 

> ir.it  ary  anil  0 i li  s.s  i oi 

Wt  conclude  that  dll*  iTenct-s  in  |ier  1 ormance  observed  for  Condi  Lion 
FR. a . i i ii  1 1 .ine ou;  learning)  and  Condition  K-R-1J  (sequential  learning)  wen 
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ih>  tw  • euiidltlons  did  not  diifer  in  recall. 


Free]U  t lie  V 


SS  i III ' la!  1 e") 


30 


20 


c 

0) 

L> 

k_ 

<u 

CL 


10 


Figure  20 
trials  coi 


99 


was  probably  a little  better  lor  sequential  learning  than  lor  simultaneous 
learning.  For  recognlt  ion.  the  groups  differed  on  one  type  of  error  (misses). 
We  do  not  believe  that  any  point  of  fundamental  significance  can  be  made 
from  these  differences,  which  is  to  say  that  it  appears  that  simultaneous 
learning  of  three  tasks  occurred  at  about  the  same  rate  as  did  the  learn- 
ing of  each  task  separately.  That  the  subjects  may  have  to  "jump"  from  one 
class  of  materials  to  another  seems  to  have  only  a small  negative  effect 
at  the  worst.  The  fact  that  performance  on  all  tasks  was  essentially 
equivalent  for  Conditions  FR1)  and  FRD(S)  Indicates  that  having  different 
classes  of  material  within  a si ide  is  ol  no  consequence  for  the  learning. 

GENERAL  SUMMARY  AND  DISCUSSION 

Our  empirical  knowledge  of  human  memory  has  evolved  primarily  from 
nts  in  whi  single,  tasl  have  1 n is<  1 as  the  experimental 

. Lcles.  In  the  central  cohdl  >f  tl  . ent  report  we  required  that 

our  sub jects  learn  four  d if fei  it  ! : , ius  evidence  which 

has  resulted  does  not  demand  tha  w.  qualify  at  length  our  knowledge  gained 
from  the  usi  of  single  tasks.  Generally  speaking,  tin  effect  ol  variables 
bui It  into  our  individual  tasks  was  much  the  sanu  as  has  been  found  when  the 
.ingle  task  only  has  bi  m • irned  To  presented  - .tit  verbal  materials 
f . r four  different  tasks  (del  fried  in  t rm.  of  the  v rabal  materials  used 
and  tin  retention  test:  Laken)  may  have  confused  the  subjects,  but  if  it 

did,  i.i  lid  not  pre v nl  tin  o*  .tu  ol  basic  memory  phenomena,  e.g.,  the 

ffecl  f • it  ree  I neous  ly  gavi  muc h 

th  saint  learning  as  ' ! it  winch  a rr<  d win  : tin  r isks  were  presented 

separately 

tin-  incidental  la  irriu.  which  w observed  did  not  allow  the  conclusion 


which  can  sometimes  be  drawn  following  the  use  ui  more  conventional  techni- 
ques for  studying  incidental  learning.  for  example,  whereas  other  investi- 
gators (e.g.,  Flexor  t.  bower,  1975)  have  concluded  that  frequency  assimila- 
tion is  as  high  under  incidental  conditions  as  under  intentional  conditions. 


this  was  not  the  ease  in  our  data. 


incidental  learning  for  all  four 


tasks  was  always  lower  than  that  for  intentional  learning,  and  in  an  abso- 
lute sense  was  not  great  in  amount  for  any  of  them.  Still , it  must  be 
recognized  that  the  small  amount  of  incidental  learning  which  did  occur 
within  a few  minutes  oi  intentional  learning  would,  when  we  think  in  terms 
ol  hours  and  days  of  incidental  exposure  to  events,  constitute  a formidable 
proportion  of  our  relatively  permanent  memories. 

Perhaps  tin  most  unexpected  finding  had  to  do  with  the  stability  oi 
the  l aming  when  the  several  tasks  were  learned  simultaneously.  There  was 
no  : rgittiug  over  several  minutes.  this  was  true  in  spite  ol  the  lact 

that  the  retention  intervals  were  filled  with  tests  on  other  tasks  We 
do  not  in  lact  know  that  this  lack  oi  forgetting  occurred  only  under  condi- 
tion oi  simultaneous  learning.  We  did  not  Lest  the  retention  oi  these 
tasks  when  Learned  individually.  Nor  do  we  know  that  our  findings  have 
generality  across  other  types  oi  material  which  might  be  used  in  simultaneous 
earning  . Nevertheless,  the  possibility  that  simultaneous  learning  of 
several  Lasks  may  retard  the  forgetting  oi  each  task  is  one  that  seems  to 
warrant  lurcher  work.  A study  by  Burnstein  (1962)  would  also  seem  to 
recommend  this  further  work.  Burnstein  has  his  subjects  learn  10  three- 
plact  numbers  (Set  L)  whilt  not  learning  10  other  three-place  numbers 
(Set  NL)  that  occurred  in  the  series.  After  60  minutes,  retention  ol  the 
numbers  in  Set  L was  superior  to  the  retention  of  this  set  by  members  of  a 
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control  group  that  had  learned  Set  L without  the  items  of  Set  NL  being  pre- 
sent in  the  list. 

The  low  correlations  across  tasks  could  be  interpreted  to  mean  that 
the  acquisition  processes  for  the  different  tasks  had  little  overlap.  At 
one  point  in  our  work  these  findings  suggested  the  possibility  that  the 
subjects  deliberately  encoded  the  tasks  differently  to  meet  the  demands  of 
the  tests.  The  subsequent  research  negated  this  possibility  because  the 
correlations  were  also  found  to  be  low  when  the  tasks  were  learned  separately, 
ibis  finding  could  mean  that  the  subjects  encoded  the  tasks  differently, 
but.  if  this  is  true,  it  was  not  because  several  tasks ’were  being  learned 
simultaneously.  A further  caution  should  be  added  at  this  time.  Type  of 
retention  test  and  type  of  material  were  confounded  throughout  our  work. 

For  example,  we  did  not  use  traffic  signs  in  recall  tests,  nor  did  we  use 
Lhe  company  names  in  studying  frequency  assiinilat ion . Furthermore,  the 
number  of  verbal  uni's  in  each  task  differed  The  lack  of  correlations 
among  the  scores  on  tlu  tasks  may  be  due  to  differences  in  the  materials, 
not  to  the  differences  in  the  type  of  retention  tests.  Our  work  was  simply 
not  analytical  with  regard  to  this. 

Some  u£  the  most  perplexing  data  related  to  study  time.  Five  seconds 
of  sLudy  time  per  slide  on  single  Lasks  produced  as  much  learning  i or  re- 
cognition and  for  frequency  judgments  as  did  15  or  20  seconds.  Vet,  a 
second  trial  markedly  reduced  tin  errors  made  on  the  recognition  test 
Why  did  the  sub j cts  not  "use"  tin  time  on  the  first  trial  beyond  3 seconds 
to  study  tin  items  if  they  subsequently  studied  it  further  when  it  was  prt - 
seated  on  the  second  trill?  Furthermore,  consider  again  the  fact  that  the 


subject  apparently  iv>-  no  more  than  5 seconds  ol  study  to  a slide  when  more 
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was  available  . Why,  then,  would  Lrcquency  judgments)  which 

1 to  does  nut  improve  beyond  b seconds  ol  study  when  presented  alone,  cause 
a decrement  in  recognition  performance  when  the  two  tasks  arc  learned  simul- 
taneously with  each  slide  being  presented  i or  20  seconds?  It  would  appear 
as  if  10  seconds  could  go  unused  and  still  performance  would  be  much  the 
same  as  that  observed  tor  the  single  task.  This  did  not  occur. 

Until  these  pilules  are  given  further  experimental  examination,  two 
matters  may  admonish  caution.  First,  we  have  interpreted  the  fact  that 
intertrial  reliabilities  remained  fairly  constant  (regardless  of  the  number 
ot  tasks  being  learned)  to  mean  that  subjects  did  not  trade  ofl  study  time 
among  tasks.  Our  argument  was  that  if  such  trade  oil  practices  occurred, 
the  intertrial  correlation'  sho-  Id  be  lowered  as  the  number  of  tasks  increased . 
We  Were  therefore  led  to  the  supposition  that  tin  subjects  studied  all 
items  on  a slide  in  a fairly  consistent  way  from  trial  to  trial.  The  second 
latter  results  from  questioning  a basic  assumption  we  have  made  about  study 
time.  We  have  concluded  that  because  the  subjects  did  not  improve  in  per- 
formance on  tin  single  ; ask  as  study  time  increased  beyond  5 seconds,  liny 
therefore  did  nut  study  at  all  during  the  exposure'  period  beyond  5 seconds, 
lliis  may  not  be  true  the  subjects  may  have  behaved  as  we  believed  tiny 
did  under  simultaneous  learning  ol  Several  tasks.  That  is,  they  used  the 
full  study  period  in  trying  to  learn,  but  what  they  learned  beyond  5 se- 

■ olid  ■ was  of  on  consequence  lor  performance  on  recognition  tests  or  on 

t uiuncy  judging  tists.  Just  why  they  improved  on  the*  second  trial  lor 

■ . recognition  t • st  would  require  some  additional  assumptions  which  we 
have  not  deVi lope d . 

Wi  have  tended  to  reach  conclusions  which  indicate;  that  the  simul- 
taneous .icqui  : i tun  e.  I .t  veral  tasks  does  not  produce  any  lundame  ntally 
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different  explanatory  problems  than  does  the  learning  of  a single  task. 
However,  some  of  the  pui^les  arising  in  conjunction  with  the  results  for 
study-time  differences  may  advise  us  to  maintain  some  reservations.  For 
example,  consider  the  case  mentioned  earlier.  Recognition  performance  and 
frequency  judging  performance  did  not  improve  with  exposure  periods  be- 
yond 5 seconds.  Yet,  when  both  tasks  were  learned  simultaneously  with  a 
20-second  exposure,  performance  was  poorer  than  when  each  was  learned  singly. 
It  is  almost  as  if  a synergistic  reaction  occurs  when  two  or  more  tasks  are 
learned  simultaneously,  and  the  laws  of  study  time  which  hold  for  the  single 
task  may  not  always  fit  the  laws  which  will  emerge  from  the  simultaneous 
learning  of  two  or  more  tasks . 

One  other  finding  is  related  both  to  study-time  effects  and  to  dif- 
ferential encoding  When  two  or  more  tasks  were  learned  simultaneously, 
the  presence  of  a task  to  be  recalled  degraded  performance  on  the  other 
tasks  more  than  it  the  recall  task  was  uoL  involved.  Furthermore,  recall 
performance  increased  directly  as  study  time  increased  from  5 through  20 
seconds  when  the  recall  task  was  presented  singly.  Do  these  two  facts  mean 
that  encoding  for  r.call  is  different  from  encoding  lor  frequency  judgments 
and  for  recognition?  It  could  mean  that,  but  it  need  not.  We  could  assume 
that  encoding  is  precisely  the  same  for  all  tasks  whether  learned  singly 
or  multiply.  The  study  or  encoding  which  takes  place  beyond  5 seconds  ol 
- tudy  time  benefits  recall  but  does  not  bene! it  recognition  or  frequency 
judgments.  But  if  this  is  true,  why  should  ii  be  true?  What  Is  the  nature 
of  the  information  which  is  acquired  in  the  period  beyond  5 seconds  which 
facilitates  recall  but  has  no  bend  it  for  recognition?  To  even  speak  in 
these  terms  comes  close  to  suggesting  Liial  there  were  encoding  differences 


after  all. 
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